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A is ChU. or a single bond; 

R 2 is selected from: R, OH, OR, C0 2 H, C0 2 R, COH, COR. S0 2 FL CN; 

R R and Ro are independently selected from H,R 1 OH ; OR ; halo, amino, NHR ! mtro ) Me 3 Sn; 
i^X^ H, R, OK OR, halo, amino, NHR, nilr*. Mc 3 Sn where R is as de.ned ^ or the 
compound is a dimor with each monomer being the same or different and being of formula la or lb, where the H 8 
g oTps i the monomers form together a bridge having the formula -X-R'-X- linking the 

alkvlene chain containing from 3 to 1 2 carbon atoms , which chain may be interrupted by one or more hetero- atoms 
23S ^aromatic rings and may conta.n one or more carbon-carbon double or triple bonds : and each X is .ndepend- 
ently selected from O, S : or N; 

ccept that in a compound of formula la when A is a single bond, then R 2 is not CH=CH(CONH 2 ) or CH=CH<CONMe 2 >. 
Other related compounds are also disclosed. 
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Description 

Background to the invention 

r00011 Some pyrroloben/odiazepines (PBDs) have the ability to recognise and bond to specific sequences of DNA; 
the preferred sequence is PuGPu. The first PBD antitumor antibiotic, anthramycin, was discovered in 1965 (Le,m- 
qruber etal., 1965 J. Am. Chem. Soc., 87, 5793-5795; Leimgruber el al., 1965 J. Am. Chem. Soc 87, 5791-5793 . 
Since then, a number of naturally occurring PBDs have been reported, and over 1 0 synthetic routes have been devel- 
oped to a variety of analogues (Thurston etal., 1 994 Chem. Rev. 1994, 433-465) Family members include abbey mycm 
(Hochlowski et al, 1987 J. Antibiotics, 40, 145-148), chicamycin (Konishi et al., 1984 J. Antibiotics ^37 200-206), DC- 
81 (Japanese Patent 58-180 487; Thurston et al., 1990, Chem. Brit, 26, 767-772: Bose etal 1 992 ' Tetrahedron 48, 
751-758) nwethramycin (Kuminoto etal., 1980 J. Antibiotics, 33, 665-667), neothramycins A and B (Takeuch. etal., 
1976 J Antibiotics, 29, 93-96), porothramycin (Tsunakawa et al., 1988 J. Antibiotics, 41, 1366-1373), prothracarcin 
(Shimizu etal 1982 J. Antibiotics, 29, 2492-2503; Langley and Thurston, 1 987 J. Org. Chem., 52, 91-97), sibanomicin 
DC-102)(Hara et at, 1988 J. Antibiotics, 41, 702-704; Iteh et al., 1988 J. Antibiotics, 41, 1281 - 1284 ) oc S *^7/' n 
(Leber etal., 1988 J. Am. Chem. Soc, 110, 2992-2993) andtomamycin (Arimaef a/., 1972 J. Antibiotics, 25, 437-444). 
PBDs arc of the general structure: 
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They differ in the number, type and position of substituents, in both their aromatic A rings and pyrrole C nnga. and .n 
the degree of saturation of the C ring, In the B-ring there is either an imine (N=C), a carbinolam.ne(NH-CH(OH)) or a 
carbinofamme methyl ether (NH-CH(OMe)) at the N10-C11 position which is the electronic centre responsible for 
alkylating DNA All of the known natural products have an (^-configuration at the chiral C11 a position which provides 
them with a right-handed twist when viewed from the C ring towards the A ring. This gives them the appropriate three- 
dimensional shape for isohelicity with the minor groove of B-form DNA, leading to a snug fit at the binding site (Kohn, 
1975 In Antibiotics III. Springer-Verlag, New York, pp. 3-11 ; Hurley and Needham-VanDevanter , 1 98 > Acc. chem. 
Res., 19, 230-237). Their ability to form an adduct in the minor groove, enables them to interfere with DNA processing, 
hence their use as antitumour agents. 



Disclosure of the invention 



[0002] A first aspect of the present invention is a compound with the formula la or lb 




A-R 




wherein: 

55 A is CH 9 . or a single bond; 

R2 is selected from: R, OH, OR ; C0 2 H, C0 2 R, COH, COR S0 2 R : CN; R 6 , R 7 and R 9 are independently selected 

from H. R, OH, OR, halo, amino, NHR ; ni*ro 3 Me 3 Sn; 

where R is a lower alky! group having 1 to 10 carbon atoms, or an araikyl group (he. an alkyi group with one or 



3 



BNSDOCIO: <EP. 



11 93270A2 ._!..> 



EP 1 193 270 A2 



10 



15 



more aryl substituents), preferably of up to 12 carbon atoms, whereof the alkyl group optionally eonta.ns one or 
more carbon-carbon double or triple bonds, which may form part of a conjugated system, or an aryl group, pref- 
erably of up to 1 2 carbon atoms: and is optionally substituted by one or more halo, hydroxy, ammo, or nitro groups^ 
and optionally containing one or more hetero atoms which may form part of, or be, a functional group: or R 7 and 
R H together from a group -0-(CH 2 ) -O-, where p is 1 or 2: 

and R 8 is selected from H, R, OK OR. halo, amino, NHR, nitro, Me 3 Sn, where R ,s as defined above or the 
compound is a dimer with each monomer being the same or different and being of formula la or lb, where the R a 
groups of the monomers form together a bridge having the formula -X-R'-X- linking the monomers, where R s an 
alkylene chain containing from 3 to 1 2 carbon atoms, which chain may be interrupted by one or more hetero-atoms 
and/or aromatic rings, e.g. benzene or pyridine, and may contain one or more carbon-carbon double ortnple bonds, 
and each X is independently seated from O, S, or N; except that in a compound of formula la when A is a single 
bond, then R 2 is not CH==CH(CONH 2 ) or CH=CH(CONMe 2 ). 

[0003] If A is a single bond then R 2 is bonded directly to the C-ring of the PBD 

0004 If R is an aryl group, and contains a hetero atom, then R is a heterocyclic group. If R « an alkyl chain and 
contains a hetero atom! the hetero atom may be located anywhere in the alkyl chain, e.g. -O-CjjHg, -CH 2 -S-GH 3 , or 
may form part of or be a functional group e.g. carbonyl, hydroxy. r A B 

[00051 It is preferred that In a compound of formula la when A is a single bond, then R 2 is not C^CRARB, whe re 
ra and RB are independently selected from H, RP, COR<=, CONH 2 , CONHRC, CONR^, cyano or phosphonate, where 
o R c is an unsubstituted alkyl group having 1 to 4 carbon atoms. 

[0006] R is preferably selected L a lower alkyl group having 1 to 1 0 carbon atoms, or an aralkv. group, preferab y 
of up o 12 cln atoms, or an ary, group, preferably of up to f 2 carbon atoms, optionally substituted by one or rno e 
halo hydroxy, amino, or nitro groups, it is more preferred that R is selected from a lower alkyl group having 1 to 10 
ca bon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It -s ^particularly pre erred 
that R is an unsubstituted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 to 
4 carbon atoms, e.g. methyl, ethyl, n-propyl, n-butyl or t-butyi. 

[0007] Alternatively, R e , R 7 , R 9 and, unless the compound is a dimer, R 8 may preferably be independently selected 
from R groups with the following structural characteristics: 

30 (i) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyi group: 

(lii) an ethenyi group conjugated to an electron sink. 

[0008] The term 'electron sink' means a moiety covalently attached to a compound which is capable of reducing 
35 electron density in other parts of the compound. Examples of electron sinks include cyano, carbonyl and ester group* 
[S "t may be preferred that A is CH 2 and/or that R 2 is C0 2 H, CQ 2 R, CH 2 OH, or CH 2 OR. It may be further preferred 
that R is CQ2Me CCWBu CH?OH, Of ChUOAc. 

0010? R 6 R and R 9 , unless' the compound is a dimer, R 8 are preferably selected trom H and OR, and more par- 
ticularly HO Me and OCH 2 Ph. It is further preferred that R 7 and, unless the compound ,s a dimer, R 8 are OR, more 
40 nr^fcrablv OMe or OChLPh r and that R 6 and R 9 are H. 

Pi] If A Is a singlebond. then R 2 preferably an aryl group, eg Ph, P -MeO-Ph, or an alky, or ^9-^ 
contains at least one double bond which forms part of a conjugated system with the double bond of the C-r.ng. eg 
CH=CH 2l CH=CH-CH 3 . 

[0012] Compounds of the first aspect of the invention are preferably of formula la 
45 [0013] If the compound of formula la or lb is a dimer, the dimer bridge may be of the formula -0-(CH 2 yO-, where 
p is from 1 to 12, more preferably 3 to 9. 

[0014] A second aspect of the present invention is a compound with the formula II: 
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(ii) 



wherein 
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R' £ is selected from: O, CHR" 2 , where R" 2 is selected from H, R, CO s R, COR, CHO, C0 2 H, halo; 
R K R-t and R Q are independently selected from H, R, OH, OR, halo, amino, NHR, nitro, Me 3 Sn; 
where R is a lower alkyl group having 1 to 10 carbon atoms, or an aralkyl group (i.e. an alkyl group with one or 
more aryl substituents), preferably of up to 12 carbon atoms, whereof the alkyl group optionally conta.ns one or 
more carbon-carbon double or triple bonds, which may form part of a conjugated system, or an aryl group, pref- 
erably of up to 1 2 carbon atoms: and is optionally substituted by one or more halo, hydroxy, ammo, or nitro groups, 
and optionally containing one or more hetero atoms which may form part of, or be, a funct.onal group, 
and R fi is selected from H, R, OH. OR, halo, amino, NHR, nitro, Me 3 Sn, where R is as defined above or the 
compound >s a dimer with each monomer being the same or different and being of formula 11, where the R 8 groups 
of the monomers form together a bridge having the formula -X-R'-X- linking the monomers, where FT is an alkylene 
chain containing from 3 to 12 carbon atoms, which chain may be Interrupted by one or more hetero-atoms and/or 
aromatic rings, e.g. benzene or pyridine, and may contain one or more carbon-carbon double or triple bonds, and 
each X is independently selected from O, S, or N; or R 7 and R s together form a group -0-(CH 2 ) p -0-, where p is 1 



or 2: except lhat: 



(i) when R', is CH-Et. and R B . R 8 and R g are H, R 7 is not sibirosamine pyranoside; and 
ii) when R 9 is CH-Me, and R 6 and R 9 are H, R 7 and R 8 are not both H or both OMe, or OMe and OH respec- 
tively If R is an aryl group, and contains a hetero atom, then R is a heterocyclic group. If R is an alkyl chain, 
and contains a helero atom, ihe hetero atom may be located anywhere in the alkyl chain, e g. -0-C 2 H 5 , -CH 2 - 
20 3-CH 3 . or may form part of or be a functional group e.g. carbonyl, hydroxy. 

r0015t R is preferably selected from a lower alkyl group having 1 to 1 0 carbon atoms, or an aralkyl group, preferably 
of up to 12 carbon atoms or an aryl group, preferably of up to 12 carbon atoms, optionally substituted by one or more 
halo hydroxy, amino, or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 
25 carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It ,s particularly pre erred 
that R is an unsubstituted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 to 
4 carbon atoms, e.g. methyl, ethyl, n-propyl, n-butyl or t-butyl. 

[0016} Alternatively R 6: R 7 and R 9 and, unless thecompound is a dimer, R s may preferably be independenlly selected 
from R groups with the following structural characteristics: 

30 

(i) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyl group; 

(iii) an ethenyl group conjugated to an electron sink. 

35 r0017l R'-j is preferably O, CH ? or CHCH 3 and more preferably CH 2 or CHCH 3 . 

001 8 R fi R 7 and R, and, unless the compound is a dimer, R 8 are preferably selected from H and OR and a halogen 
atom and more particularly H, OMe and OCH 2 Ph, and I, It is further preferred that R 7 and, unless the compound is a 
dimer R 8 are OR or a halogen atom, more preferably OMe, OCH 2 Ph or I, and that R 6 and R 9 are H. Most preferably 



[0019?" If the compound of formula II is a dimer, the dimer bridge may be of the formula -0-(CH 2 ) p -0-, where p is 
from 1 to 12, more preferably 3 to 9, and most preferably 3 to 5. 
[0020] A third aspect of the present invention is a compound with the formula III: 




(111) 



wherein. 



R 6 . R 7 and R g are independently selected from H, R. OH, OR. halo, amino, NHR, nitro : Me 3 Sn; 

where R is a lower alkyl group having 1 to 10 carbon atoms, or an aralkyl group (i.e. an alkyl group with one or more 
aryl substituents). preferably of up to 1 2 carbon atoms, whereof the alkyl group optionally contains one ormore carboy 
carbon double or triple bonds, which may form part of a conjugated system, or an aryl group, preferably of up to 1. 
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carbon atoms; and is optionally substituted by one or more halo, hydroxy, amino, or nitro groups, and optionally con- 
taining one or more hetero atoms which may form part of, or be, a functional group; and R a is selected from H, R, OH, 
OR halo amino. NHR. nitro. Me 3 Sn. where R is as defined above or the compound is a dinner with each monomer 
being the same or different and being of formula III where the R 8 groups of the monomer form together a bridge having 
the formula -X-ff-X- linking the monomers, where FT is an alkylene chain containing from 3 to 1 2 carbon atoms ; which 
chain may be interrupted by one or more hetero-atoms and/or aromatic rings , e.g. benzene or pyridine , and may contain 
one or more carbon-carbon double or triple bonds, and each X is independently selected from O, S, or N; or R 7 and 
R 8 together form a group -0-(CH 2 ) p -O-, where p os 1 or 2; 
wherein at least one of R 6 , R 7 , R a and R 9 are not H; except that: 

(i) when R 6 and R 9 are H, R 7 and R a are not both OMe, OMe and OBn respectively, or OMe and OH respectively; 

(ii) when R 6 and R 7 are H, R a and R 9 are not Me and OH respectively; 

(iii) when three of R 6 , R 7 , R 8 and R 9 are H, the other is not Me; 

(iv) when R 6 > R 7 , and R 8 are H, R 9 is not OMe; 

(v) when R 6 , R 8 and R 9 are H, R 7 is not OMe: and 

(vi) when R 6 , and R 9 are H and R 7 is OMe, the compound ss not a dimer, 

[O021J if R \s an aryl group, and contains a hetero atom., then R is a heterocyclic group, if R is an alkyl chain, and 
contains a hetero atom, the helero atom may be located anywhere in the alkyl chain, e.g. -0-C 2 H 5 , -CH 2 -S CH 3 , or 
may form part of or be a functional group e.g. carbonyl, hydroxy. 

[0022] R is preferably selected from a lower alkyl group having 1 to 1 0 carbon atoms, or an ara^kyl group, preferably 
of up to 12 carbon atoms, or an any! group, preferably of up to 12 carbon atoms, optionally substituted by one or more 
halo hydroxy, amino, or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 
carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It is particularly preferred 
that R is an unsubstituted straight or branched chain alkyl having 1 to 10, preferably 1 to 6, and more preferably 1 to 
4 carbon atoms. e.g^ methyl, ethyl, n-propyl, n-butyl ort-butyL 

[0023] Alternatively, R 6 , R- and R 9 and ; unless the compound is a dimer, R 8 , may preferably be independently se- 
lected from R groups with the following structural characteristics: 

(i) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyt group: 

(iii) an ethenyl group conjugated to an electron sink. 

[0024] It is preferred that either: 

(i) only one of R 6 , R 7 , R 8 and R 9 is H; or 

(ii) at least one of R 6 , R 7 , R 8 , and R 9 is NH 2 : or 

(iii) at least one of R 6 , FU. R a and R 9 is an aryl group, preferably of up to 12 carbon atoms, which ts optionally 
substituted by one or more halo, hydroxy, amino , or nitro groups ( and optionally contains one or more hetero atoms 
which may form part of, or be, a functional group. 

[0025] If only one of R 6 , R 7 , R 8 and R 9 , it is further preferred that the A-ring substituents (i.e. those of R 6 , R 7 > R 9 
and unless the compound is a dimer, R 8 which are not H) are OR, and are more preferably selected from OMe, and OBn. 
[0026] If at least one of R 6 , R 7 . R 3 and R 9 is an aryl group, preferably of up to 12 carbon atoms, which is optionally 
substituted by one or more halo, hydroxy, amino , or nitro groups, and optionally contains one or more hetero atoms 
which may form part of, or be, a functional group, it is further preferred that at least one of R 6 , R 7l R 8 and R g , is a 
phenyl group optionally substituted by one or more rnelhoxy, elhoxy or nitro groups although the nitro groups are tess 
preferred. More preferably, the aryl group is selected from: Ph and p-MeO-Ph, 

[0027] Ef the compound of formula Itl is a dimer the dimer bridge may be of the formula -0-(CH 2 ) p -CK where p is 
from 1 to 12, more preferably 3 to 9. Also in this case, it is preferred that R 6 and R 9 are H, and R 7 is an aikoxy or 
aryloxy group. 

[0028] A fourth aspect of the present invention provides a compound with the formula IV: 



EP 1 193 270 A2 



10 




(IV) 



wherein; 



R fi R 7 and Ro arc independently selected from H, R, OH, OR, halo, amino, NHR, mtro, MegSn; 

where R is a lower atkyl group having 1 to 1 0 carbon atoms, or an aratkyl group (i.e. an alkyi group with one or 

more aryl substituents), preferably of up to 12 carbon atoms, whereof the alkyl group optionally sterns one or 

more carbon-carbon double or triple bonds, which may form part of a conjugated system or an aryl group, pre - 

erably of up to 12 carbon atoms; and is optionally substituted by one or more halo, hydroxy, amino, or mtro groups, 

and optionally containinq one or more hetero atoms which may form part of, or be, a funct.ona! group; 

R 8 - and R 8 " are either independently selected Irom H, R or together form a cyclic amine; and n is from 1 to /. 

[0029] If R R < and R 8 " form a cyclic amine, then there is usually a single N atom in a ring which is otherwise carbocyclic 
and is preferably 5- or 6- membered and may be saturated or unsaturated. The ring may bo fused to another ring 
stern "which may be aromatic, e.g. being a benzene ring, Thus for example the cyclic amine may ^ an mdo y or 
isoindotyl group. It is also possible that the cyclic amine contains one or more hetero atoms, in addition to N in the 
2*. amine rinq and/or in a fused ring and may also be substituted by one or more R groups. 

[0030] If R is an aryl group, and contains a hetero atom, then R is a heterocyclic group If R is an alkyl chain, and 
contains a hetero atom, the hetero atom may be located anywhere in the atkyl chain, e.g. -0-C 2 H 5 , -CH 2 -S-CH 3 , 
may form part of or be a functional group e.g. carbonyl, hydroxy. „ r „ forah iv 
[0031 ] R is preferably selected from a lower alkyl group having 1 to 1 0 carbon atoms, or an aratkyl group, prefer* y 

30 of up to 12 camon atoms, or an aryl group, preferably of up to 12 carbon atoms, optionally substitutec .by one , or more 
halo hydroxy, amino, or nitre groups. It is more preferred that R is selected from a lower alky ^TZlr el 
carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitre . groups^ It « • pan P" *™* 
that R is an unsubstftuted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 to 
4 carbon atoms, e.g. methyl, ethyl, n-propyl, n-butyl or t-butyl. 

35 [00321 It may be preferred that one of R' a and R" a is a nitrogen protecting group, such as Hnoc. 

0033 R 7 is preferably an electron donating group, and is more preferably of the fomnula OR; particularly preferred 
are the groups OMe. OEt and OBn. The term 'electron donating group' means a mo,ety covalently attached to a 
compound wh.ch is capable of increasing electron density in other parts of the compound. 

[0034] In addition R s and R 9 are mere preferably selected from H and OR; particularly preferred are OMe, OEt and 

[0035] Alternatively, R 6 , R 7 and R 9 may preferably be independently selected from R groups with the following slmc- 
tural characteristics: 

(i) an optionally substituted phenyl group; 
45 (ii) an optionally substituted elhenyl group; 

(iit) an ethenyl group conjugated to an electron sink. 

r00361 n is preferably 1 to 3, and more preferably 1 . ,„., rth 
003-n A fifth aspect of the present invention is the use of a compound as described in the first, second third or fourth 

50 aspects of the invention in a method of therapy. Conditions which may be treated include gene-based d^ase^in- 
cluding for example neoplastic diseases and Alzheimer's Disease, and also bacterial, parasmc and vira infections^ 
Any condition which may bo treated by the regulation of gone expression may be treated I using < =°mpounds of the 
invention. In accordance with this aspect of the present invention, the compounds ™\ b » 
individuals. Administration is preferably in a "therapeutically effective amount", this being sufficient t show benef rt to 

55 a patient Such benefit may be at least amelioration of at least one symptom. The actual amount administered, and 
rate and time-course of administration, will depend on the nature and severity oT what is being J^*^™ ° f 
treatment e g decisions on dosage, is within the responsibility of general pracM.oners and other medical doctors. 
[0038] A compound may be administered alone or in combination with other treatments, either simultaneously or 
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sequentially dependent upon The condition to be treated. 

[0039] Pharmaceutical compositions according to the present invention, and for use in accordance with the present 
invention, may comprise, in addition to the active ingredient i.e. a compound of formula la, lb, H, Ml or IV, a pharma- 
ceutically acceptable excrpient, carrier, buffer, stabiliser or other materials well known to those skilled in the art. Such 
5 materials should be non-toxic and shoutd not interfere with the efficacy of the active ingredient. The precise nature of 
the carrier or other material will depend on the route of administration, which maybe oral or by injection, e.g. cutaneous, 
subcutaneous, or intravenous. 

[0040] Pharmaceutical compositions for oral administration may be in tablet, capsule, powder or liquid form. A tablet 
may comprise a solid carrier or an adjuvant, Liquid pharmaceutical compositions generally comprise a liquid carrier 
10 such as water petroleum, animal or vegetable oils, mineral oil or synthetic oil. Physiological saline solution, dextrose 
or other saccharide solution or glycols such as ethylene glycol, propylene glycol or polyethylene glycol may be included. 
A capsule may comprise a solid carrier such a gelatin. 

[0041] For intravenous, cutaneous or subcutaneous injection, or injection at the site of affliction, the active ingredient 
will be in the form of a parenteral^ acceptable aqueous solution which is pyrogemfree and has suitable pH , isotonicity 
15 and stability Those of relevant skill in the art are well able to prepare suitable solutions using, for example, isotonic 
vehicles such as Sodium Chloride Injection, Ringers Injection Lactated Ringer's Injection. Preservatives, stabihsers, 
buffers antioxidants and/or other additives may be included, as required. 

[0042] A sixth aspect of the present invention is a pharmaceutical composition containing a compound of any one 
of formulae la, lb, II, 111, or IV as described above, and a pharmaceutical^ acceptable carrier or diluent. The preparation 

20 of pharmaceutical compositions is described in relation to the fifth aspect of the invention above^ 

[0043] A seventh aspect of the present invention provides the use of a compound of any one of formulae ia, lb, II, 
Hi or IV as described above to prepare a medicament for the treatment of a gene-based disease, preferabty a prolif- 
erative disease. The compound of formula la, lb, II, III, or IV may be provided together with a pharmaceutical^ accept- 
able carrier or diluent. The compounds may be used for the selective killing of oxic and hypoxic tumour cells in methods 

25 for the treatment of cancers, for example leukemias and particularly solid cancers including colon, CNS, renal, and 
lung tumours, including small cell Sung carcinoma, and melanomas. In particular, dimers of formula H may be used for 
the selective killing of lung, colon : and CNS tumours and melanomas. The compounds of formula HI and IV may be 
used selectively against melanomas. 

[0044] A further aspect of the present invention provides the use of a compound of any one of formulae la, lb, II, III, 
30 or IV as described above to prepare a medicament for the treatment of a viral, parasitic or bacterial infection. The 
preparation of a medicament is described in relation to the fifth aspect of the invention above. 

[0045] In further aspects, the invention provides processes for preparing compounds according to the first, second, 
third and fourth aspects of the present invention. 

[0046] Aspects of the invention will now be further described with reference to the accompanying drawings m which: 

Figures 1 to 6a/b are synthesis routes for compounds of formula la of the present invention: 
Figures 7 to 1 4 are synthesis routes for compounds of formula II of the present invention; 
Figures 15 to 25 are synthesis routes for compounds of formula III of the present invention; 
Figure 26 is a synthesis route for a compound of formula IV; 
40 Figure 27 is a synthesis of an intermediate in the preparation of compounds of formula tV of the present invention; 

Figure 28 is a synthesis routes for compounds of formula IV of the present invention; and 
Figures 29 to 32 are graphs illustrating the cytotoxicity results of examples 5 to 8 respectively. 
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Preferred General Synthetic Strate gies 

[0047] A key step in a preferred route to compounds of formula la, lb, \\, III or IV is a cyciisation to produce the fi- 
ring, involving generation of an aldehyde (or functional equivalent thereof) at what will be the 11 -position, and attack 
thereon by the Pro-N1 0-nilrogen; 
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r00481 In this structure, no C-ring substitution or unsaturate is shown. R 8 represents 0(CH 2 ) n CH2COR 8 in com- 
pounds of formula IV. R 10 is a nitrogen protecting group, preferably with a carbamate functionality bonded o the nj rogen 
of the PBD. The "masked aldehyde" -CPQ may be an acetal or thioacetal (possibly cyclic), in which case the cydisat.on 
involves unmasking. Alternatively, the masked aldehyde may be an aldehyde precursor, such as alcohol -CHOH, in 
wh,ch case the reaction involves oxidation, e.g. by means of TPAP or DMSO (Swern oxidation). 
[0049] The masked aldehyde compound can be produced by condensing a corresponding 2-substituted pyrrolidine 
with a 2-nitrobenzoic acid: 




[0050] The nilro group can Ihen be reduced to NH 2 and protected by reaction with a suiLabie reagent, e.g^ a chlo- 
20 rolormate which provides the removable nitrogen protecting group in the synthesis route. 

[0051] A process involving the oxidatio^cyclization procedure is illustrated in scheme 1 (an alternative type of cy 
chsation will be described later with reference to scheme 2). 
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[0052] The imine/carbinolamine bond in the PBD (A) can be unprotected by standard methods to yield the desired 
compound, e.g. if R 10 is Alloc, then the deproteclion is carried out using palladium to remove the N10 protecting group, 
followed by the elimination of water to give the imine. ,^ 
[0053] Exposure of the alcohol (B) (in which the Pro-N10-nitrogen is generally protected as carbamate) to tetrapro- 
pylammonium perruthenate (TPAP)/N-me,hylmor P holine N-oxide (NMO) over A4 sieves results ,n oxidahon accompa. 
nied by spontaneous B-ring closure to afford the desired product. The TPAP/NMO oxidahon procedures ounc I to be 
pSarfy convenient lor small scale reactions while the use of DMSO-based oxidation methods, particularly Swern 
oxidation, proves superior for larger scale work (e.g. > f g). w m ,,i a n 

[0054] The uncyclized alcohol (B) may be prepared by the reaction of a nitrogen protection reagent of formula D, 
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which is preferably a chloroformate or acid chloride, to a solution of the amino a)cohol C , generally in solution, generally 
in the presence of a base such as pyridine (preferably 2 equivalents) at a moderate temperature (e.g. at 0 a C), Under 
these conditions little or no Oacylation is usually observed. 

[0055] The key amino alcohol C may be prepared by reduction of the corresponding nitro compound by choosing 
a method which will leave the rest of the molecule intact. Treatment of E with tin (II) chloride in a suitable solvent, e.g. 
refluxing methanol generally affords, after the removal of the tin salts, the desired product in high yield. 
[0056] Exposure of E to hydrazine/Raney nickel avoids the production of tin salts and may result in a higher yield of 
C although this method is less compatible with the range of possible C and A-ring substituents. For instance, if there 
is C-ring unsaturate (either in the ring itself , or in R 2 or R 3 )> this technique may be unsuitable. 
[0057] The nitro compound of formula E may be prepared by coupling the appropriate o-nitrobenzoyl chtonde to a 
compound of formula F. e.g. in the presence of K 2 CG 3 at -25*C under a N 2 atmosphere, Compounds of formula F can 
be readily prepared, for example by olefination of the ketone derived from L-trans-hydroxy proline. The ketone inter- 
mediate can also be exploited by conversion to the enol triflate for use in palladium mediated coupling reactions. 
[0058] The o-nitrobenzoyl chloride is synthesised from the o-nitrobenzoic acid (or alky! ester after hydrolysis) of 
formula G, which itself is prepared from the vanillic acd (or alkyl ester) derivative H. Many of these are commercially 
available and some are disclosed in Aithuis, T.H and Hess, HJ., ± Medicinal Chem., 20(1), 146-266 (19/7). 

Alternati ve Cycl isation (Scheme 2) 
[0059] 




4- 
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( \ 



HN^S 
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Scheme 2 

[0060] In scheme 1 the final or penultimate step was an oxidative cyclisation An alternative, using thioacetal cou- 
pling is shown in scheme 2. Mercury-mediated unmasking causes cyclisation to the protected PBD compound (A) 
r0O61l The thioacetat compound may be prepared as shown in scheme 2: the thioacetal protected C-nng [prepared 
via a literature method: Langicy, D.R. & Thurston, D.E., J. Organic Chemistry, 52, 91-97 (1987)] is coupled to the o- 
nitrobenzoic acid (or alkyl ester after hydrolysis) (G) using a literature procedure. The resulting nitro compound cannot 
be reduced by hydrogenation . because of the thioacetal group, so the tin(ll) chloride method is used to afford the amine. 
This is then N-protected, e.g., by reaction with a chloroformate or acid chloride, such as 2,2,2-trichloroethylchlorofor- 

mate. . . r 

[0062] Acetal-containing C-rings can be used as an alternative in this type of route with deprolection involving other 

methods, including the use of acidic conditions. 
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Dimer Synthesis (Scheme 3) 
[0063] 
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[00641 PBD dimers may be synthesized using the strategy developed for ^ n ^^^^™^ 
omers The synthesis routes illustrated in scheme 3 show compounds when the ^"T 1 ^. V?htt?™^ D o^^carTI7i™ 
0-(CH 2 ) n -0- The step of dimer formation is normally carried out to form a b,s(mtro acid) G . This compound can then 
hp trpated as compound G in either scheme 1 or scheme 2 above. 

foo~ bisdo acid) or may be obtained by noting K SSSSiSS 

m^M^le J; the relevant benzoic acid esters can be joined together by a Mitsunobo ethenhcahon w,tb an 
RDDropriate aikanediol, followed by nitration, and then hydrolysis (not illustrated). M fc . , „ . th nnta „ ium 
S Tn alternative synthesis of the bis(nitro add) involves oxidation of * B h b ^ o ^ h ^ e ^^^ 
permanganate. This can be obtained in turn by direct nitration of the b.staldehvde) e. g wtth 70 £ HNO * Fma y, the 
bis(aldehyde) can be obtained via the Mitsunobu etherisation ol two equivalents of the benzoic aldehyde w.tn 

^r't iTate synthesis approach to those detailed above is to protect the pro N1 0 position on the component 
which wili form the A-ring, before joining the component which will form the C-nng. 

Preferred Synthetic Strategies for Compounds of formula la 

rnnKRi The svnthesis route of scheme 1 is generally applicable to compounds of formula la. 

Si SSSr^rs.* PBDs of formula may be synthes,sed from their N1 ^^^^ 
cursors Typically, palladium catalysed removal of an allyl carbamate may be used to generate the N10 C11 ,m me 
without affecting the key C2-unsa,uration. For example, I the N10-C11 imine/carbmolamine ,s protected by an AUoc 
group, the C2/C3-endo-unsaturation is maintained during the Alloc cleavage reaction. 
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roO7 01 The reduction of the nitre-compound E as shown in scheme 1 with tin (11) chloride in fluxing methanol leaves 
Z C2/C I un^ra ion unaffected The hydrazine/Raney nickel method would not be suitable due to the double bond. 
loOTI] Tte re"— ^ F -/be used in its TBDMS protected form, and therefore a doprotect.cn step has 

^7^ 

SienzoylcTde can be treated with AcOH:THF:H 2 0 (3:1,1). TBAF was found to be unsuitable forth, transfer- 
matron due to the rapid degradation of reaction products. 

rJo73] Ac lass of requisite C-nng providing compounds F can be obtained as shown ,n scheme 4. 
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[0074] Commercially available ^ns-4-hydroxy-L-proiine F8 can be N-a Hoc P^.Jj^^^J^ 
which can then be esterified using standard conditions, Hydride reduction of the ester F6 fur shes the d.ol F5. Setoco 
33 TBDMS protection of the diol gives a silyl ether F4, which can then be ox^sed, usmg effher Swern or TPAP ox,dat,on, 

loTsf ^SZZScsn then undergo a Wittig reaction to yield a mixture of the 

be converted to the C2/C3-endo compound F1(la) upon treatment with excess sodium hydnde. P^ d m ™« d 
cleavage otthe N-alloc protecting group (Dangles O, Guibe, F, Baiavoine, G, Lavielle, S, Marquet, A., J. Org. C»em. 
40 1987, 52, 4984) yields the compound F(1a). 

Alte rnative route to compounds of formula la 

[0076] A more iinear synthenc route to compound B of scheme 1 has been developed which enables larger scale 
45 production of the C2/C3-endo-unsaturated PBDs : and is shown in scheme 5. 
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F00771 The silvl protecting group may be cleaved in good yield by treating B1(la) with AcOH:THF:H 2 0 (3:1:1). The 

do Tho carbamate protected aniline B3 may be prepared from the nitro compound B5 in two steps. Hrstiy, ™ ™™ 
^«,o the anitine by employe the Raney nicKei/hydra.ine method because a l compoun doMj» 
B Macks C2-unsaturation This method is more advantageous than the tin (II) chlonde procedure s.nce the product i » 

[0u h 78] C2 An amide of type B5 may be synthesised by coupiing an acid chlonde of type G to the key amine KEC5 
(Scheme 6), 
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Overall this route has several advantages over the previous route which results in the larger scale P^««^«j* * e 

to ir 6 seek sr-t- * e n scf r r 

of the ke I no intermediate KEC5. The TBDMS ether KEC4 was prepared in an -"^STJ^^ 
spending Altoc protected intermediate F4 (Scheme 4). Selective station of the primary atoJhoT KE« w« ach«ved 
rri i * transfer aaent The diol KEC3 was obtained from hydride reduction of ester KEC2 which in turn 
using DBU as a siiyl transfer agent. , l n ™' N nroTcction ofrrans -4-hydroxy-L-proline (F4) was achieved by adopt- 
was synthesised from carboxyhc acd KEC1 N-Cbz protec .on of trans 4 hydroxy p chamberlain, 
ingaprocedure reported in the literature (Bridges, R. J, Stanley M. 3. Anoerson, m. vv., 

^80] ^r^gXs'ly Suire protection during the synthesis routes set out above, e.g. alcoho.s can be 
protected by using an acetate protecting group (see example 1(d)) 
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Further alternative route to compound of formulaja 



[0081 ] 



10 




.NO, 9°> Me 





15 




20 



OTBDMS 




GEM q 



R* ° 



M 



OTBDMS 



25 



30 



35 



40 



45 




OH 



N 




OTf 





O 





R D 


R-. 














o 



la 



50 



55 



Scheme 7 

lMM1 The « is p-*** '° ■ 

allyl group or contains a double bond which is conjugated to that in the o ring. mow. 
of the SEM protecting group accompanied by imine formation. 
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mnftdl The SEM protected dilactams (O) were prepared by Suzuki and Stills coupling reactions on the enol triflate 
r^ed^ (P^Th SuTu^ reaction is padicui useful as it can be used to instal. both ary, and vinyl subshtuents 
at thT J2 ooSn of the PBD In excess of 70 boronic acids are commercially available allowing great diversity to be 
t reduce into the PBD system. Heck reactions can also be performed smoothly on the enol triflate intermediate. 
W851 T " I trmate (P) was prepared from the ketone precursor (O) using triflic an hydride in DCM in the presence 
Srid J Th ^neto) was prepared from the secondary alcohol precursor (N) by Swern oxidation. Other ox.dation 
l P th d nvoMng TRAP or the Des's Mart, reagent provide the ketone in equally good ^^^^K 
was obtained by selective removal of a TBDMS group of compound M m the presence of the SEM I N10 protechng 
arouo The SEM group was installed by quenching the N10 dilaclam anion (from L) with SEM -C1 the is a genera 
7 meTod and can be used to install related protecting groups such as MOM. In order to prevent the C hydroxy 
impound K interfering with the N'.O protection step if was protected as a TBDMS ether The 2- ^ 
was formed by hydrogenating the A ring nitro group of compound J and couphng to the C-r ng methyl ester The A 
ring nitro C-ring ester compound (J) was prepared by coupling commercially available acd (G) to methyl 4 hydroxy 

5 [0086] tG The alternative synthesis routes are equally applicable to the synthesis of dimers. 

Pr eferred Synthesis Strategies for Compounds of formula H 

rn0871 The svnlhesis route of scheme 1 is generally applicable to compounds of formula II. 
>o moS S unsaturated PBDs of formula II may be synthesised from their N 1 0-carbamate protected precursors . Typ- 
Sy pallium cllysed removal of an ally, carbamate may be used to generate the Nf 0-C11 nmine w.hout «g 
the key C2-unsaturation. Alternatively cadmium-lead couple may be employed to cleave an Nt 0-2,2,2 trichloroethyl 

^ mtinn -Mthouah isolating the aniline C from the tin salts can be problematic. 

[0090] The compound'of formula F may be used in its TBDM S protected form, and therefore a deprotect.cn step has 

ho \r\r-\i iH^H tn Droduce the amino-alcohoJ compound 
0091 The TBDM " ether of type E, which is the product of the coupling of the TBDMS protected compound with the 
[0091] me itjuiwauiiu uuyp , * nlJ . T nr.u n rq-i -h TBAF was found to be unsuitable for 

appropriate o nitrobenzoy! chloride, can be treated with AcOH.THF H 2 0 (3 1.1) I HAh was mm 

so this transformation due to the rapid degradation of reaction products. 

[0092] C-ring providing compounds F(M) can be obtained as shown in scheme 8. 
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10093] Commercially avaiiablc trans -4-hydroxy-L-pro.ine F8 can be N-a oc pro 

which can men be esterified us.ng standard conditions. Hydride reduction of the ester j^™ s^e rn o r TPAP " ^datfon^ 
TBDMS protection of the diol gives a silyl ether F4, which can then be ox.dised, using ether Swern or TPAP ox.dat.on, 

^^^^)^b^ present in F2 may be introduced by performing the Wittig 

Palladium-mediated cleavage of the N-alloc protecting group (Dangles a; Guibe, F, Balavo.ne, G, Lav.ehe, S„ Mar- 
quet, A.; J. Org. Chem. 1987, 52, 4984) yields compound F(ll). 
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Alternative route to compound C 



[0095] 
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the key amino-alcohol C. 
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Alternative Route to compounds of formula II 



[0097J 



10 



15 





B5 



OTBDMS 



20 



25 



OTBDMS 




84 



OTBDMS 




30 




35 



OTBDMS 



B2 




OTBDMS 



B1(1I) 



40 




45 



Bill) 



50 



Scheme 10 



55 



10098] A more linear synthetic route to compound B of scheme 1 has been developed which enables larger sca,e 
production of the C2-unsaturated PBDs. and is shown in scheme 10. TBAF-mediated cleavage of the TBDMS group 
may be used to produce Bfll) from B1 (II). The key C2-unsaturation present in B1 (I!) may be introduced by performing 
the Wittig olefinalion reaction on a ketone of type B2. Swern oxidation of the secondary alcohol B3 may be used to 
furnish the ketone B2. The carbamate protected aniline B3 may be prepared from the nitro compound B5 in two steps. 
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^Tp^eaStSr ™ aniiine B.™» ,han bo »— P™.«.- i" W vie" w,.hou, s,gn„,can, 

carbonate formation at the C2 oxygen. ^ rlHf > of tune G to the key amine KEC5 (see 

[0099] An amide of type B5 may be synthesised by couphng on ^.d chtonde <rf ^pe G to the k y 

schemes). Overall, this route has several advantages over the conve ^nt route s ^^ C ' ™ atio ^ ofk ini ; rmediate 

of the C2-unsaturated PBDs. Firstly, catalytic « ^^J^^d^nsaturaton. Finally, the 

KEC5. Secondly the nitro reduction step may be carried out on an 'rtennediate > dcvo tjons are to|erated 



ration 

75 General Experime nlaljyi ethocis 



35 



40 



,„,„„ Me,,, p*. (mp, wo,c on . Oa.onKarnp ^^^^R^SSS 

were recorded using a Jeol JMS-DX 303 GC Mass bpeciromeic K internal mass marker, 

lecu,armasses(HRMS)weredeterminedbypeakma^ source 
and FAB mass spectra were obtained from a glycerol/th.oglyccrolAr.fluoroacc c a^.F ) p erk in-Elmer 
temperature o, 1 8C»C. Op.icai rotations at the ^^^^^^Z^Z chromatography was 
141 Po.anmeter. Analytical results were genera «V^m*^ * ^ 230-400 mesh). Thin-layer chromatography 
performed using Aldrich flash chromatography "Silica Gel-60 E. Me 230 400 ) * 
(TLC) was performed using GF 254 silica gel (with fluorescent i «o ' ^ and were used as supplied wifhout 
Less otherwise staled, were supplied by the AWr-ch- Cham" J^"^^;^^^^ .^he presence 

™^^^ — = " v ™ ether refers 10 

the fraction boiling at 40-60°C. 



Examples 

Exam ple 1(a): Synthesis of the 2-Cyanomethyl PB^ qO.SB^i^m^ 
[0102] 
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Synthesis of the Nitro Alcohol (3) 



[0103] A soiution of the acid 1 (3.08 g, 10 mmot, 1 eguiv) in fresh.y 

chloride (1 .05 mL, 1 2 mmot 1 .2 equiv) under a nitrogen solution was 

solution effervesced. The reaction was allowed to stir overnight and TEA (3 .48 mL, 25 

added dropwise over 2 hours to a stirred mixture of the ammo 2 (2.31 g 10 . mmol 1 equ ) y ^ 

mmol. 2.5 eguiv) in freshly distilled CH 2 C, 2 (30 mL) wh,le the ^^ZZ^ nigh Th" Lotion was washed with 
m0 s P here. The reaction mixture was then a.lowed to war, jto ™£*™«%w£*>* f iltGred and evaporated 
NaHC0 3 (100 mL), saturated NH 4 CI (100 mL) } H 2 U^uumL; sl . \ / A . d Drovlde d the coupled 

,n vacuo to give a brown oi, which was purified by flash ^^^f^^^^^oAO (.. 6H, Si 
compound 3 (3.24 g, 6.28 mmol, 62.8%) as a yellow glass. 1 H NMR (CDCI 3 , in mmz, 



20 



BNSDOC:ID: <EP „.1193270A2J.> 



EP 1 193 270 A2 



1 ? 77 122 1075 1051 1002 914. 836, 779. 752, 697, 669, 650. 615: EIMS mfz (relative intensity) 5 6 M , 
WW*™^™™™. (W 91 d 00.0), 73 (9.5); FAB m/7 (relative intensity) 51 7 (M- +1 . 15.1,. 
385 (9.2), 286 (19.3). 92 (9.3). 91 (100.0). 75 (14.0), 73 (42.2). 



Reduction to the Amino Alcohol (4) 



r 0 104] A solution of hydrazine (3.11 mL. 100 mmol. 5 equiv) in MeOH (50 mL) was added dropwise to a rel fluxing 
Sn of the nitro compound 3 (10.32 g, 20 mmo.. 1 equiv), 

(150 mL) After 1 hour at reflux TLC (Si0 2 , 5% MeOH-CHCI 3 ) revealed total consumption of starting matenar me 
m xtTe was then treated with sufficient Raney Ni to decompose any unreacted hydraz.ne. After cooling to RT the 
m ' XtUre Led .rough Cento and the fi.trate evaporated ,n ^o. resulting residue was — A 



r 3 0 m j dri avio^ in vacuo to provide 4 (6.80 S 1 4 mmol, 70%) as a pin* oi, w ich was 
1 eu t rough lo L next stage without purification: i H NMR (CDCl, 270 MHz) rotamars: -0*01 (. 6H S (CH3U 
0:88 (br s, 9H, SIC(CH 3 ) 3 ), 1 96-2.23 (m, 2H, 1-H), 3.44-4.48 (m, °* f 3 "c NMR (COC 3 

W 6 ,R ^ 335, 'bo 'S30.1 6 3; 9 2B57 2 36, 22 47. 82 , 1622,9, 1514.60, 1463.60, 1406,5, 1261.43, 1176.55, 
1118.48 : 1003.88, 911.00, 836.61 , 778.1 5. 733.59, 697.72. 646 32. 

Synthesis of the Alloc Pro-N10 Protected C2-A1cohol (5) 

[0,05] A solution of a.lyl chloroformate (1.54 mL, 14.48 mmol, 1.05 equiv) in fre shly disced CH 2 C1 2 ^L) ^, 
added dropwise to a stirred mixture of the amine 4 (6.70 g, 13.79 mmol, 1 equiv), pynd.no (2.45 mL 3034 mmo \2.2 
addea aropwise nitrogen atmosphere. The mixture was allowed to warm at 

equiv) in freshly distilled CH 2 C! 2 200 mL), ,AU _o una y completion. The mixture 

RT and stirred overnight. The following day TLC (SiO £ . 5/„ MeOn l.mc,i 3 j r ° evaporated 
was washed with saturated CuS0 4 (100 mL), H 2 0 (100 mL), brine (100 mL), dried (MgS0 4 ) fitte ed an 'evaporate 

5^ 3 144 3 ^ 50 2 153 8 169 4 iR (neat): 3336 3067, 2953. 2931, 2858, 1732, 1600, 1525, 1464, 1408 1327 

25 1 75 1 21 0 8 lU 1002, 937, 837, 812, 778, 744, 698, 671 , 636, 
570 (J' 35.0), 513 (27.2), 340 (19.3), 149 (24.3), 91 (24.1), 77 (16.4), 58 (33.0), 57 (100.0), 44 (27.2), 39 (39.8), 

[«] 2 V -55.94° (c - 1.010, CHCI 3 ). 
Oxidation to the C2-Ketone (6) 

pi 06] A solution of DMSO (2.50 mL, 35.25 mmo,, 3 equiv) in Ireshly distilled ^^f^Z^S^ 
over 1 .5 hours to a stirred solution of oxalyl chloride (8.81 mL of a 2M solution ,n CH 2 CI 2 , 17 .62 mmol T5 equw at 
■L an°r iiiouid nitroqen/CHCU under a nitrogen atmosphere. After 30mmutes stirring at -55 C, a solution oi me 
-55/-60 C (liquid nurogon/onoi 3 ; un a added dropwise lo the reaction mixture 

secondary alcohol 5 (6.70 g, 11.75 mmol, 1 equtv) in CH 2 CI 2 (150 mL) was diuea aropw £A<11 M 

over 1 5 h Following stirring at -55/-60°C for45min U tes the reaction was treated dropwise with a sol ^ lon ^7 A ( " h 14 
T 79 90 mmol. ?B equiv) in CH 2 C, 2 (50 mL) over a period of ^Ominute, ^™ ^ed 
45minutes at -30°C and was then allowed to warm to RT The reaction was then tre ated with br ne (150 mL c 
lo 0°C and acidified to P H=2 with concentrated HC1. The organic phase was washed with H 2 0 15 mL , bnn ^ 
ml ^ dried IMaSO,) filtered and evaporated in vacuo to give the ketone 6 as a dark orange oil (6.18 g, 0.88 mmo 
Si") TufflS W re by TLC (SiC 2 40% EtOAc-petroloum ether) to be carried through to the next stage wrth out 
Lt X 'H NMR (CDC, 3 , 270 MHz) rotamers: 5 0.04 and 0.05 (2 » 6H. S«CH ) 2 ) 

2 47 2 78 (m 2H 1-H) 3 66-4.10 (m, 8H. 3-H, OMe, 11-H, 11a-H), 4 62-4.65 (m, 2H, Alloc), 4.80-5.40 (m, 4H. Obn, 
Alloc) 5^38-6 .03 (m, IH, Alloc), 6.76 (s, 1H, 6-H), 7.27-7.49 (m, 6H 7.9C , <s 1 H *H>. 8.62 - ^H ^C 
NMR (COCI 3 . 270 MHz): 5 -5.8, -5.7, 13.0, 25.6, 25.7, 56 5, 65.8 ; 68.0, 70.7, 1 0 6 4 11 1 0 1 1 8_2 1 27. 7^ 12 B_6 . 
136 1 150.6 U53.4. 208.9; IR (neat): 3510, 3332, 2957,2870.2740,1959.1771,1738,1633, 1537, 1428,1274, 1233, 
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1120 1029. 844. 785. 700: ElMS m/z (relative intensity) 568 (M-, 90.6), 512 (28.7), 511 (79.8), 453 (12.1), 340 (38.6), 
298 (12.7), 282 (16.9), 172 (23.9), 91 (100.0), 41 (15.1); [«] 23 d= -1.98° (c = 1.010, CHCl 3 ). 

Insertion of the C2-Cyanornethyl Group (7) 

[0107] Sodium hydride (0.70 q of a 60% dispersion inminuteseral oil, 1 7.60 rmmoi, 2.5 equiv) was stirred in Petroleum 
ether for 10minutes. The suspension was allowed to settle and the solvent transferred under nitrogen Trom he flask 
via a double-tipped needle. The remaining residue was suspended in freshly distilled a nhydrous THF (50 m^cooled 
to 0°C and treated dropwise with a solution of the diethyl cyanomethylphosphonate (11 .14 mL, 79 .90 mmoL6 : equiv) 
inTHF (60 mL) under a nitrogen atmosphere. The mixture was allowed to warm to RT and stir for 1 .5 h After cooing 
to 0"C the react.cn mixture was treated dropwise with a solution of the ketone 6 (1 1 .1 4 mL, 79.90 mmol, 6.8 equiv) in 
THF (40 mL) After stirring overnight TLC (Si0 2 , 30% EtOAc-petroleum ether) revealed almost comp ete consumption 
of starting material. THF was evaporated in vacuo and the resulting residue treated with a satu ^ e6 ^ 0 ^^l 
(1 00 mL) and EtOAc (1 00 mL). The aqueous layer was washed with EtOAc (1 00 mL) and the combined orgamc layers 
were then washed with H 2 G (100 mL), brine (1 00 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to givea brown 
glass which was subjected to flash chromatography (Si0 2 , 30% EtOAc-petroleum ether) to prov,de the pure cyano 
compound 7 (2.6 g, A 40 mmol. 63%) as a yellow glass; i H NMR (COCI 3 , 270 MHz): 5 (m 6H. S<CH ) , 

0 88 (m 9H. S,C(CH 3 ) 3 ). 2.68-2.91 (m, 2H, 1 -H) 3.12-3.13 (m, 2H, 12-H), 3.72-3.76 (m, 2H, 11-H), 3.82 (s, 3H, OMe . 
4 62-4.65 (m. 2H. Alloc , 4.75 (m, 1H, 11a-H), 5.19 (s, 2H, OBn), 5.22-5.39 (m, 2H, Alloc). 5.8 .8-6 fj?-"^^ 
6.59 (s. 1 H, 3-H), 6.68 (s, 1 H. 6-H), 7.32-7.50 (m, 5H, Ph), 7.95 (., 1H, 9-H), 8.72 (s H NH); «C NMR (CDCI 3 2 _0 
MHz : 5 -5.4, 17.5, 18.1 , 25.6-25.7, 34.0, 56.6, 59.8, 62.3, 65.8, 70.7, 106.1, ™ \"*£" 6 *"*^ 1622 
132 4 132 8 136 1 144,2. 150.9, 153.4, 166.1; IR (neat): 3337, 3067, 3034, 2954, 2930. 2857, 2253, 1732, 1622, 
S9 1524 1495.' 1464, 1408, 1362, 1336, 1259, 1205, 1166, 1116, 1051, 1026, 992, ™™W^™>™ 
ElMS mfz (relative intensity) 591 <M- 20.1), 534 (15.0), 340 (67.5), 282 (20.9), 252 (25.6), 19 « (32.4), 91 (100.0), 
HRMS m/z Calcd for 591.2765 (C 32 H 41 N 3 0 6 Si). Found 591 .2758; [ap D = -83.25° (c = 1.015, CHCI 3 ). 



Deprotected Alcohol (8) 

[0108] Glacial AcOH (1 5 mL) was added to a stirred solution of the silyl e,her7 (2.10 g, £ 1,55 mmol) lin THF ■ (1C .mL) 
and HoO (1 5 mL) The reaction mixture was allowed to stir at RT and monitored every hour by TLC (Si0 2 . 30 U EtOAc^ 
petroleum ether). Over the course of 3 hours AoOH (1 0 mL) was added in two further portions. T ^^^f^ 
for a total of 4 hours at which time the reaction had gone to completion . The mixture was ^7~^ h t0 _^;^^ 
dropwise with a 1 0% solution of NaHC0 3 in H 2 0 (50 mL) The aqueous solution was extracted with EtOAc (3x20 mL) 
a d the combined organic layers were washed with H 2 G (20 mL), brine (20 mL), dried (MgSOJ, littered and -grated 
in vacuo to give a yellow oil. Flash chromatography (SiO, 5% MoOH-CHCl 3 ) afforded the alcohol 8 <V4 g 2 93 
mmol. 83%) as a yellow glass: i H NMR (CDCI 3 , 270 MHz): S 2.41 -3.02 (m, 2H, 1-H), 3^13 s, 2K 12-H) 3.70-4 .10 (m 
6H. 11-H. OMe, OH), 4.61-4.64 (m, 2H, Alloc), 4.76 (m, 1H, 11a-H), 5.16 (». 2H, Mn) 523-5.28 (m 2H. Alloc), 
5.87-6.02 (m, 1H, Alloc), 6.53 (s, 1H. 3-H), 6.78 (s, 1H, 6-H), 7.27-7.48 (m, 5H, Ph) 7.75 s 1 H 9-H) 8 45 (s IH. 
NH) 13 C NMR (CDCI 3 . 270 MHz): 6 17.4, 34.8, 56,8, 61.5, 65,1, 65.9. 70.8, 106.9, 11T8 114,4 1 16.1 118.2. 
127 7-129 1 132 1 132.4. 136.0, 144.8, 151.1, 153.7, 167.3; IR (neat): 3340, 3067. 2934, 2856, 2252 1732, 1601 
1523. 1455, 1407, 1374, 1336, 1226, 1167, 1111, 1048, 1028, 996, 938, 869, 838, 768, 745, 69E 1 668 636, 608; ElMS 
/^(relative intensity) 477 (M-, 14.6), 340 (46.9), 2B2 (13.0), 91 (1 00.0); HRMS m/zCalcd for 477, 1900 (C 26 H 27 N 3 O e . 
Found 477.1962; [uF D = -67.42° (c = 1 .068, CHCI 3 ). 

N10-Protected Cyclized PBD (9) 

[0109] A solution of DMSO (0.75 mL, 1 0.55 mmol, 3.6 equiv) in freshly distilled CH 2 CI 2 (40 mL) was added dropwise 
at a rapid rate to a stirred solution of oxalyl chloride (2.64 mL of a 2M solution in CH 2 CI 2 , 5.27 mmol, 1 .8 equ.v) at _40/- 
50^C (liquid nitrogen/chlorobenzene) under a nitrogen atmosphere. After Sminutes stirnng at -45 C, a solution ol me 
primary alcohol 8 (1 .40 g, 2 93 mmol, 1 equiv) in CH 2 CI 2 (30 mL) was added dropwise to the reaction mixture over 
45minutes. Foliowing stirring at -45*C for 45minutes the reaction was treated dropw.se wth a solution of TEA (1 72 
mL 12 31 mmol, 4,2 equiv) in CH 2 CI 2 (20 mL> over a period of SOminutos. The mixture was stirred for a further 
40minutes at -45°C and was then allowed to warm to RT and diluted with 20 mL CH 2 CI 2 . The reaction was then cooled 
to 0°C and washed with IN HCI (200 mL), H 2 0 (100 mL), brine (100 mL). dried (MgS0 4 ), filtered and evaporated « 
acuo to give' a yellow foam which was subjected to flash chromatography (SiO 5% M.OH-CHCy tc -provide , ho 
pure ring closed compound 9 (0.95 g. 2.00 mmol, 68%) as a slightly yel.ow glass: ^H NMR (CDCI 3 27° MHz). 5 
2 69-3.14 (m. 2H, 1-H), 3,24 (s, 2H, 12-H), 3.84-3,98 (m, 6H, 11-H, OMe, OH), AM (m 2H. Aioc) 5 J^. JH 
OBn Alloc),5.60-5.80 (m, 2H, Alloc, 11a-H), 6.74 (s, 1 H, 3-H), 7.04 (s, 1 H, 6-H), 7.24-7.43 (m, 6H, Ph, 9-H) , ^ C NMR 
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,rnc\ 270MH7V5176 366 56 2 59 6 66.9, 71 .1 , 85.7, 1 11 .0, 1 13.2, 1 14.7, 11 6.1 , 118 .3, 1 24.6, 127.3-1 28.7, 131 7, 

918. 869. 790, 735. 693, 648; EIMS m* (relative intensity) 475 (M-. 34.2). 340 (25.4), 339 (36 0) 27S (10^ 134 
(10.6), 91 (100.0); HRMS m/zCalcd for 475. 1743 (C 26 H 25 N 3 O s ), Found 475.1 883; [«F D = +101 .46 (c = 1 .030, CHCIg). 

C2-Cyanomethyl PBD (10, SB-A67) 

[01 1 0] Triphenylphosphine (25 mg, 0.095 mmol, 0.05 equiv), pyrrolidine (1 67 |tl 2^0 mmol, 1 .05 equiv) , anc 
56 mg 0 048 mmol. 0.025 equiv) were added sequentially to a stirred soiulion of the Alloc-compound 9 (900 mg, 1 .90 
1 i equiv) in freshly distSed dry CH 2 CI 2 (1 00 mL) . The reaction mixture was allowed to st.r at RT under a m roge 
atmosphere for 2 hours by which lime TLC (Si0 2 , 1% MeOH-CHCI 3 ) revealed reaction oornp^n. 
evaporated in vacuo and the residue applied to a gravity chromatography column ^°2^ M ^f^ X0 ' 80,a J 
the PBD SB-A67 (720 mg, 1 .93 mmol. 100%) as a yeliow glass: i H NMR 

12-H) 3.95 (s. 3H. OMe). 4.38 (m, 1H, 11a-H). 5.21 (s, 2H, OBn). 6.84 (s, 1H, 6-H), 7.06 (s 1H 3 ;">' 

It p h 9H 7 80 ' (d 1h 11 a-H. J = 3 Hz); !3 C NMR (CDCI 3t 270 MHz): 8 1 7.4. 36.8, 53.9, 56.3, 70.9, 111.7,111.9, 

1604. 1508, 1437, 1247, 1120, 1000, 913, 874, 724, 697, 542; EIMS m/z (relaUve intensity 373 (M* 9.8) 37 . (2*4), 
280 (12.5), 91 (100.0): HRMS m/z Calcd for 373.1426 (C 22 H 19 N 3 0 3 ). Found 373.1364; [ap D = 254.5 (c - 1.045, 

CHCI3). 

Exam pte KbV. Synthesis of the 2-MethOxycarbonvlmethvl PBD (2 4, SJG-245)(see .Figure^} 
[0111] 



MeO 



o ^ 




35 (2S,4R)-AHAIIy1oxycarbonyl)-4-hydroxypyrrolidine-2-carboxylic acid (12) 

[0112] A solution of ally, chlorofonmate (29.2 mL, 33.2 g, 275 mmol) in ™F (30 mL) was " 
pension of , ra ns-4-hydroxy-L- P roline (11) (30 g, 229 mmol) in a mixture of THF (150 mL) and ^ <«0 ^) at 0 C 
(ice/acetone), whilst maintaining the P H at 9 with 4 N NaOH. After stirring at 0-C for 1 hour at P H 9 the aqueous tayar 

40 was saturated with NaCI, and the mixture diluted with EtOAc (1 00 mL). The aqueous layer was separated, "ashed 
wKh EtOAc (1 00 mL) and the P H adjusted to 2 with cone. HCI. The resulting milky emuls.on was extracted with HO Ac 
Sx 1 00 mL washed with brine (200 mL). dried ( MgS0 4 ), filtered and evaporated in vacuo to g,ve the allyl carbamate 
U as a clear viscous o„ (42.6 g, 87%): { «f» D . -62, - { c - 0.69, MeOH): ^1^0 MHZ CDC j, + OUSO-^ 
(Rotamers) 8 5.98-5.81 (m, IH, NC0 2 CH 2 CH=CH 2)| 5.40-5.14 (m, 2H N ^£^>' ™' 

,s NC0 2 CH 2 CH=CH 2 , NCH 2 CHOHCH 2 and C^0 2 H), 3.82-3.51 (m, 2H NC H 2 C «OHCJg. 2-3 ^ J 8 (m ^ Q 
NCH CHOHCH 2 ); i*C NMR (67.8 MHz, CDCI 3 + DMSO) (Rotamers) o 175.0 and 174.5 (00 2 H) 155/ 1 andl 54* 
(NfcO). 132.9 and 132.8 (NC0 2 CH 2 CH=CH 2 ), 117.6 and 116 7 (NCO.CH.CH^CH,) 693 and 68.8 (NCH^OH^ 
65.9 and 65.8 (NC0 2 CH 2 CH=CH 2 ), 58.0 and 57.7 (CHC0 2 H), 55.0 and 54.5 NCH 2 CHOH) 39 3 and 3*3 
(NCH 2 CHOHCH 2 ): MS (El>. m/z (relative intensity) 215 <M~, 10) 197(12), 170 (M-CO.H 0O)J52 (24) 130 

so M -C0 2 C 3 H, 97? 126 (34), 112 (50), 108 (58), 86 (11). 68 (86), 56 (19); ,R (Neat 3500-2100 (br OHU95 , 1745 
and 1687 (br, C=0), 1435, 1415, 1346, 1262, 1207, 1174, 1133, 1 082, 993, 771 crn^; exact mass calcd for C 9 H 13 N0 5 
m/e 21 5.0794. obsd m/e 21 5.0791 . 

Methyl (2S,4/T)-Af-(Allyloxycarbonyl)-4-hydroxypyrrolidine-2-carboxylate (13) 

55 [01 13] A catalytic amount of concentrated H 2 SO, (4.5 mL) was added to a solution of Alloc-hydroxyproBne (12) (43 
g 200 mmol) in MeOH (300 mL) at 1 0°C (ice) and the reaction mixture was then heated at reflux fo 2 _h ^flarcoohng 
to room temperature the reaction mixture was treated with TEA (43 mL) and the MeOH evaporated m vacuo. The 



23 



BNSDOCID: <EP 



1 193270 A? .}.> 



EP 1 193 270 A2 



residue was dissolved in EtQAc (300 mL), washed with brine (200 mL), dried (MgS0 4 ), filtered and concentrated in 
vacuoXo give a viscous oil. Purification by flash chromatography (40% EtOAc/Petroleum Ether) removed the high R f 
impurity to provide the pure ester 13 as a transparent yellow oil (19.6 g : 43%): [a] 23 D - -71. 0 15 (c - 0.35. CHCi 3 ); 1 H 
NMR (270 MHz, CDCI 3 ) (Rotamers) f> 5.9B-5.78 (m, 1 H, NC0 2 CH 2 CH=CH 2 ), 5.35-5.16 (m, 2H, NC0 2 CH 2 CH-CH 2 ), 

5 4.65-4.45 (m f 4H, NC0 2 Ctf 2 CH-CH 2 , NCH 2 CHGHCH 2 and NCHC0 2 CH 3 ) l 3.75 and 3.72 (s x 2, 3H : OCH 3 ), 3.70-3.54 
(m, 2H : NCHgCHOHCHg), 3.13 and 3.01 (brsx2, 1H, OH), 2.39-2.03 (m, 2H, NCH 2 CHOHCAi,): 13 CNMR (67.8 MHz, 
CDCI 3 ) (Rotamers) 5 173.4 and 173.2 (C0 2 CH 3 ), 155.0 and 154 6 (NC=0), 132.6 and 132.4 (NC0 2 CH 2 CH=CH 2 ), 
117.6 and 117.3 (NC0 2 CH 2 CH=CH 2 ) > 70.0 and 69.2 (NCH 2 CHOH), 66.2 (NC0 2 CH 2 CH^CH 2 ) : 57.9 and 57.7 
(NCHC0 2 CH 3 ), 55.2 and 54.6 (NCH 2 CHOH), 52,4 (OCH 3 ) ; 39 1 and 38.4 (NCH 2 CHOHCH 2 ); MS (El), m/z (relative 

10 intensity) 229 (M+\ 7). 1 70 (M-C0 2 Me, 1O0) t 144 (M- C0 2 C 3 H 5: 12), 126(26), 108 (20), 68 (7), 56 (8); IR (Neat) 3438 
(br, OH). 2954^ 1750 and 1694(br, C-O), 1435, 1413, 1345, 1278 : 1206, 1130. 1086 ; 994, 771 cm -1 ; exact mass calcd 
for C 10 H 15 NO 5 m/e 229.0950, obsd m/e 229.0940. 

(2S,4H)-W-(AllyloxycarbonylH-hydroxy-2-(hydroxymethyl) pyrrolidine (14) 

15 

[0114] A solution of the ester 13 (19.5 g, 85 mmol) in THF (326 mL) was cooled to 0°C (ice/acetone) and treated 
with LiBH 4 (2 .78 g, 128 mmol) in portions. The reaction mixture was allowed to warm to room temperature and stirred 
under a nitrogen atmosphere for 2.5 hours at which time TLC (50% EtOAc/Petroieum Ether) revealed complete con- 
sumption of ester 13. The mixture was cooled to O^C and water (108 mL) was carefully added followed by 2 N HC! (54 
20 m L), After evaporation of the THE in vacuo, the mixture was neutralised to pH 7 with 10 N NaOH and saturated with 
solid NaCLThe saturated aqueous solution was then extracted with EtOAc (5 X 100 mL), the combined organic layers 
washed with brine (200 mL), dried (MgS0 4 ) : filtered and evaporated in vacuo to furnish the pure diol 14 as a clear 
colourless oil (16,97 g : 99%): 

[a] 24 D = 57.0* (c= 0 61 , CHCI3); 1 H NMR (270 MHz, CDCI 3 ) 6 6.01 -5,87 (m, 1 H, NC0 2 CH 2 CH=CH 2 ), 5.36-5.20 (m, 
25 2H. NC0 2 CH 2 CH=CH 2 ), 4.84 (br s, 1H, NCHCH 2 OH), 4 60 (d, 2H : J = 5.31 Hz, NC0 2 CH 2 CH=CH 2 ) ; 4.39 (br s, 1H, 
NCHCH 2 OH), 4,18-4.08 (m f 1H, 3.35, NCH 2 CHOH), 3.90-3.35 (m, 4H, NC^CHOH, NCHCH 2 OH, and OH), 3.04 (br 
s, 1H. OH). 2.11-2,03 (m, 1H, NCH 2 CHOHCH 2 ), 1.78-1.69 (m, 1H, NCH 2 CHOHCH 2 ); NMR (67.8 MHz, CDCI 3 ) 5 
157 1 (NC^O) 132.6 (NC0 2 CH 2 CH-CH 2 ) , 117.7 (NC0 2 CH 2 CH=CH 2 ), 69.2 (NCH 2 CHOH), 66.4 and 66 2 
(NC0 2 CH 2 CH=CH 2 and NCHCH 2 OH). 59.2 (NCHCH 2 OH), 55.5 (NCH 2 CHOH), 37.3 (NCH 2 CHOH CH 2 ); MS (El) r m/ 
30 z (relative intensity) 201 (M + ", 2), 170 (M-CH 2 OH, 100), 144 (M-OC 3 H 5r 6), 126 (26), 108 (20), 68 (9); IR (Neat) 3394 
(br. OH). 2946. 2870. 1679 (0=0), 1413, 1339. 1194. 1126, 1054, 980, 772 cm" 1 : exact mass calcd for C 9 H 15 N0 4 m/ 
e 201.1001. obsd m/e 201, 1028. 

^S^^-A^AMyloxycarbonyO-a-^e^ (15) 

35 

[0115] A solution of the diol 14 (16 97 g, 84 mmo!) in CH 2 C! 2 (235 mL) was treated with TEA (11.7 mL, 8.5 g, 84 
mmol) and stirred for 15rninut.es at room temperature. TBDMSCi (9.72 g, 64 mmol) and DBU (16.8 mmol, 2.51 mL, 
2 56 g) were added and the reaction mixture stirred for a further 1 6 hours under a nitrogen atmosphere. The reaction 
mixture was diluted with EtOAc (500 mL), washed with saturated NH 4 Cl (160 mL), brine (160 mL), dried (MgS0 4 ), 

40 filtered and evaporated in vacuo to give an oil which was a mixture of the required product (major component), unreacted 
diol and the presumed disilyated compound by TLC (50% EtOAc/Petroleum Ether). Flash chromatography (20-100% 
EtOAc/Petroleum Ether) Isolated the 3 components, to provide the monosilylated compound 15 as a slightly yellow 
transparent oil (13,85 g r 52%): [a] 21 D - -58.6 0 (c = 1 .14, CHQ 3 ) ; 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) 6 6.01-5.86 
(m. 1H, NC0 2 CH 2 CH-CH 2 ) t 5.34 5.18 (m, 2H, NG0 2 CH 2 CH-CH 2 ) ! 4.59-4.49 (m, 3H, NC0 2 CH 2 CH=CH 2 and 

45 NCHCH 2 OTBDMS), 4.06-3.50 (m, 5H, NCH 2 CHOH, NCH 2 CrDH and NCHCH 2 OTBDMS), 2.20-2.01 (m t 2H, 
NCH 2 CHOHCH 2 ), 0.87 (s, 9H, SiC(OH 3 ) 3 ), 0 0 (s, 6H, Si(CH 3 ) 2 ) ; 13 C NMR (67.8 MHz, CDCI3) (Rotamers) 6 155 0 
(NC-O). 133.1 (NC0 2 CH 2 CH-CH 2 ), 117 6 and 117.1 (NC0 2 CH 2 CH-CH 2 ) : 70.3 and 69.7 (NCH 2 CHOH), 65.9 and 
65.6 (NC0 2 CH 2 CH-CH 2 ), 63.9 and 62.8 (NCHCH 2 OTBDMS), 57.8 and 57.4 (NCHCH 2 OTBDMS), 55.7 and 55 2 
(NCH 2 CHO~H). 37 3 and 36.6 (NCH 2 CHOHCH 2 ), 25.9 (SiC(CH 3 ) 3 ), 18.2 (SiC(CH 3 ) 3 ) ! ^5.5 (Si(CH 3 ) 2 ); MS (El), m/z 

so (relative intensity) 316 (M+- + 1 : 29), 315 (M + " : 4), 300 (M-CH 3 , 26), 284 (4), 261 (8), 260 (50) : 259 (100), 258 (M-OC3H5 
or M-'Bu, 100), 218 (13), 215(10), 214 (52), 200 (12), 170 (M-CH 2 OTBDMS, 100), 156 (40), 126 (58), 115 (33), 108 
(41), 75 (35): IR (Neat) 3422 (br, OH), 2954, 2858, 1682 (C O), 1467, 1434, 1412 (SiCH 3 ). 1358, 1330, 1255 (SiCH 3 ), 
1196 1180. 1120, 1054, 995, 919, 837, 776, 669 cm" 1 ; exact mass calcd for C 1b H 29 N0 4 Si m/e 31 5.1 866, obsd m/e 
315,1946. 

55 
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(2S)-A^(Allyloxycarbonyt)-2-(fe^bu1yldimethylsiiyloxymethyl)-4-oxopyrrolidirie (16). 
Method A: 

5 [0116] A solution of DMSO (12.9 mL 14.3 g, 183 mmol) in CH 2 CI 2 (90 mL) was added dropwise to a solution of 
oxalyl chloride (45,1 mL of a 2.0 M solution in CH 2 CI 2 , 90.2 mmol) at '60°C (dry ice/acetone) under a nitrogen atmos- 
phere. After stirring at -70°C for 30minutes, a solution of the alcohol 15 (25.8 g, 819 mmol) dissolved in CH 2 C\ 2 (215 
mL) was added dropwise at 60°C. After 1 .5 hours at -70°C, the mixture was treated dropwise with TEA (57.2 mL, 41 5 
g, 41 0 mmol) and allowed to warm to 1 0°C. The reaction mixture was treated with brine (1 50 mL) and acidified to pH 

10 3 with cone HCI, The layers were separated and the organic phase washed with brine (200 mL) : dried (MgS0 4 ) .filtered 
and concentrated in vacuoto give an orange oil. Purification by flash chromatography (40% EtOAc/Petroleum Ether) 
furnished the ketone 16 as a paie yellow oil (24.24 g, 95%): 

Method B: 

15 

[0117] A solution of the alcohol 15 (4.5 g ; 14.3 mmol) in CH 2 CI 2 (67,5 mL) was treated wilh CH 3 CN (7.5 mL), 4 A 
powdered molecular sieves (3.54 g) and NMO (2.4 g ; 20.5 mmol) After 15minutes stirring at room temperature, TRAP 
(0.24 g, 0.7 mmol) was added to the reaction mixture and a colour change (green -> black) was observed. The reaction 
rnixtu re was aliowed to stir for a further 2.5 hours at which time complete consumption of starting material was observed 

20 by TLC (50% EtO Ac/Pet role urn ether 40 °- 60°). The black mixture was concentrated in vacuo and the pure ketone 16 
was obtained by fiash chromatography (50% EtOAc/Petroteum Ether) as a golden oil (4.1 g : 92%): [a] 22 D - +1.25 ° (c 
• 10.0, CHCI 3 ); 1 H NMR (270 MHz, CDCI3) (Rotamers) 5 6.0-5 90 (m, 1H, NC0 2 CH 2 CH-CH 2 ), 5.35-5.22 (m, 2H, 
NC0 2 CH 2 CH=:CH 2 ) : 4.65-4.63 (m, 2H, NC0 2 C H 2 CH H 2 ) , 4.48-4.40 (m, 1H, NC/-/CH 2 OTBDMS) , 4.14-3 56 (m, 4H ; 
NCH 2 C=0 and NCHCH^OTBDMS), 2.74 2.64 (m, 1H, NCH 2 C-OCH 2 ) : 2.46 (d, 1H, J= 18.69 Hz, NCH 2 C=OCH^ 

25 0.85 (s, 9H f S\C(CH 3 ) 3 ), 0.0 (s, 6H, S\(CH 3 ) 2 )\ 13 C NMR {67.8 MHz, CDCl 3 ) (Rotamers) S 21 0.1 (C=0), 154.1 (NC=0), 
132.7 (NC0 2 CH 2 CH-CH 2 ), 118.0 and 117.7 (NC0 2 CH 2 CH-CH 2 ) ; 560 and 65.8 (NC0 2 OH 2 CH^CH 2 ) ! 65.0 
(NCHCH 2 OTBDMS) ; 55.7 (NCHCH 2 QTBDMS). 53.6 (NCH 2 C=:0) 3 40.8 and 40.1 (NCH 2 C=OCH 2 ), 25.7 (SiC(CH 3 ) 3 ) : 
1 8.1 (SiC(CH 3 ) 3 ), 5.7 and 5.8 (Si(CH 3 ) 2 ); MS (CI), m/z (relative intensity) 31 4 (M^ + 1,1 00) F 256 (M-OC 3 H 5 or M-*Bu, 
65); IR (Neat) 2930 ; 2858, 1767 (C=0), 1709 (NC-O), 1409 (SiCH 3 ), 1362, 1316, 1259 (SiCH 3 ), 1198, 1169, 1103, 

30 1016, 938, 873, 837, 778, 683 cm" 1 ; exact mass calcd for C 1& H 27 N0 4 Si m/e3l3.17l0, obsd m/e313.1714. 

(2S>/^(Ally1oxycarbonyl)-2-(fe^b 
(17). 

35 [0118] Petroleum ether 40° 60° (100 mL) was added to a sampie of NaH (0.80 g of a 60% dispersion in oil, 20.12 
mmol) and stirred at room temperature under a nitrogen atmosphere. After 0.5 hours the mixture was allowed to settle 
and the Petroleum Ether was transferred from the flask via 3. double-tipped needle under nitrogen. THF (100 mL) was 
added to the remaining residue and the mixture was cooled to 0 C C (ice/acetone) , The cool solution was treated dropwise 
with a solution of melhykjiethylphosphonoacetate (3.69 mL, 4.23 g r 20 1 2 mmol) in THF (100 mL) under nitrogen. After 

40 1 hour at room temperature, the mixture was cooled to 0°C and treated dropwise wUh a solution of the ketone 16 (3.0 
g, 9.58 mmol) in THF (30 mL) under nitrogen. After 16 hours at room temperature, TLC (50% EtOAc/Petroleum Ether) 
revealed the complete consumption of ketone and further TLC (5% EtOAc/Petroleum Ether) revealed the formation of 
mainly the exo-product. The reaction mixture was cooled to 0°C (ice/acetone) and transferred via a double-tipped 
needle under nitrogen to another flask containing NaH (0.40 g of a 60% dispersion in oil 10,1 mmol) at 0 C C : freshly 

45 washed as above. The reaction mixture was maintained at 0 W C, and after 40minutes TLC revealed the almost complete 
conversion to endo-product. The THF was evaporated in vacuo and the mixture partitioned between saturated NaHC0 3 
(100 mL) and EtOAc (100 mL). The layers were separated and the aqueous layer extracted with EtOAc (2 X 50 mL). 
The combined organic layers were washed with brine (100 mL) : dried (MgSO^ filtered and concentrated in vacuoto 
give an orange oft. Purification by flash chromatography (5% EtOAc/Petroleum Ether) furnished the endo-ester 17 

50 ( 2.22 g, 63%): [oc] 2l D - -97 7 0 (c= 2.78, CHQ 3 ); 1 H NMR (270 MHz, CDCi 3 ) (Rotamers) 5 6.47 and 6.42 (br s x 2, 1H, 
NCH^CCHsCOgCHg), 5.98-5.86 (m, 1H, NC0 2 CH 2 CH=CH 2 ) j 5.31 (d, 1H, J= 16.85 Hz, NG0 2 CH 2 CH=CH 2 ) : 5,22 (d, 
1H, J= 10.62 Hz, NC0 2 CH 2 CH=CW 2 ), 4.65-4.49 (m, 2H, NC0 2 CH 2 CH=CH 2 ), 4.37-4.18 (m, 1H, NCHCH 2 OTBDMS) s 
3.76-3.69 im, 5H ; NCHCH 2 0TBDMS and C0 2 CH 3 ) : 3.09 (br s : 2H S NCH=CCH 2 C0 2 CH 3 ), 2.36 2.80 (m, 1H, 
NCH-CCH 2 C0 2 CH 3 CH 2 ), 2?59 (d, 1H, J - 17 40 Hz, NCH-CCH 2 C0 2 CH 3 CH 2 ), 0.87 (s, 9K SiC(CH 3 ) 3 ) : 0.04 and 

55 0.03 (s x 2, 6H f S\(CH 3 } 2 )\ 13 C NMR (67.8 MHz, CDCI 3 ) (Rotamers) 5 1 71 2 (C0 2 CH 3 ), 151.9 (NC-O), 132 8 
(NC0 2 CH 2 OUCH 2 ), 127.1 and 126 4 (NCH-CCH 2 C0 2 CH 3 ) : 118.0 and 117.7 (NC0 2 CH 2 CH^CH 2 ) ! 1146 
(NCH=CCH 2 C0 2 CH 3 ) ; 65.9 (NC0 2 CH 2 CH^CH 2 ), 63 4 and 62 6 (NCHCH 2 OTBDMS} ; 59.0 and 58 7 
(NCHCH 2 OTBDMS) f 51.9 {C0 2 CH 3 ), 36.0 and 34.8 (NCH-CCH 2 CQ 2 CH 3 CH 2 ), 34.2 and 33.9 (NCH-CCH 2 C0 2 CH 3 ), 
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25,8 (SiC(CH 3 ) 3 ), 1 8.2 {S\C(CH 3 } 3 ) 1 -5.4 and -5.5 (Si(CH 3 ) 2 ); MS (El), m/z (relative intensity) 369 58), 354 (28), 
326 (31), 312 (M-OC 3 H 5 or M-*Bu, 100), 268 (80), 236 (21), 227 (86), 210 (22), 192 (22), 168 (93), 152(55), 138 (22), 
120 (79), 89 (70), 73 (75); IR (NEAT) 3086, 2954, 2930, 2885, 2857. 1744, 1709, 1670. 1463. 1435. 1413, 1362. 1337^ 
1301, 1253, 1195, 1107, 1064, 1014 983, 937. 887, 838, 778, 758, 680. 662 555 cm" 1 ; exact mass calcd for 
C 1s H 31 N0 5 Si m/e369.1972, obsd m/e 369.1868. 

(2S)-2-(ter^butyldimethyJsHyloxy^ (18) 

[01 19J A catalytic amount of PdC[ 2 (PPb 3 ) 2 (84 mg, 0.12 mmot) was added to a stirred solution of the ally! carbamate 
1 7 (1 . 1 0 g, 2.98 mmol) and H 2 0 (0.32 mL 1 7,8 mmol) in CH 2 C! 2 (36 mL). After Sminutes stirring at room temperature, 
Bu 3 SnH (0.89 mL, 0.96 g, 3.30 mmol) was added rapidty in one portion. A slightly exothermic reaction with vigorous 
gas evolution immediately ensued. The mixture was stirred for 16 hours at room temperature under nitrogen at which 
time TLC (50% EtOAc/Petroieum Ether) revealed the formation of amine along with the complete consumption of 
starting material After diluting with CH 2 CI 2 (30 mL), the organic solution was dried (MgS0 4 ), filtered and evaporated 
in vacuole give an orange oil which was purified by Hash chromatography (50% EtOAc/Petroleum Ether) to afford the 
enamine 18 as a slightly orange oil (0 57 g, 67%): 1 H NMR (270 MHz, CDCI 3 ) 5 7.53 and 7.48 (br s x 2, 1H, 
NCf^CCH 2 C0 2 CH 3 ), 4.35-4.13 (m : 1H, NCHCH 2 OTBDMS), 3.82-3.17 (m, 7H, NCH=CCH^C0 2 CH 3( ' 
NCHCH 2 OTBDMS and C0 2 CH 3 ), 2.64-2.04 (m, 2H, NCH=CCH 2 C0 2 CH 3 CH 2 ) i 0,90-0.88 (m, 9H, SiC(CHj) 3 ), 
0.09-0.00 (m, 6H, Si(CH 3 ) 2 ); MS (E|) ( m/z (relative intensity) 285 (M*-, 1), 270 (M-CH 3 , 7), 254 (6), 242 (4), 230 (6), 
228 (M-'Bu, 100), 212 (4), 196 (3), 168 (13), 115 (3), 89 (10), 80 (4), 73 (13); MS (Cl) s m/z (relative intensity) 342 (M+ : 
+57, 7) r 302 (M + '+17, 7), 286 (M + +1, 100), 228 (M- l Bu, 100). 

(2S)-AH4-Benzyloxy-5-methoxy-2-nitroben^ 
4-(methoxycarbony Imethy l)-2,3-dihydropyrrole (1 9). 

[0120] A catalytic amount of DMF (2 drops) was added to a stirred solution of the acid 1 (0.506 g> 1.67 mmol) and 
oxalyf chloride (0.17 mL, 0.25 g r 1.98 mmol) in CH 2 CI 2 (33 mL) After 1 6 hours at room temperature the acid chloride 
solution was added dropwise to a stirred mixture of the enamine 18 (0 524 g, 1 84 mmol) and TEA (0.47 g, 0.65 mL, 
4,60 mmoi) in CH 2 CI 2 (12 mL) at 0°C (ice/acetone) under a nitrogen atmosphere. The reaction mixture was allowed 
to warm to room temperature and stirred for a further 2.5 h , The mixture was diluted with CH 2 CI 2 (50 mL), washed with 
saturated NaHC0 3 (50 mL), saturated NH 4 CI (50 mL), H 2 0 (50 mL). brine (50 mL). dried (MgS0 4 ) ? filtered and evap- 
orated in vacuo to give the crude product as a dark orange oil. Purification by flash chromatography (25% EtOAc/ 
Petroleum Ether) isolated the pure enamide 19 as an orange oil (0.55 g, 58%): 1 HNMR (270 MHz, CDCI 3 ) 5 7.77 (s, 
1H arom)> 7.45-7 28 (m, 5H arom ) : 6.81 (s, 1H arom ),5.80 (s, 1K NCtt-CCH 2 C0 2 CH 3 ) : 5.22 (s, 2H : PhCH^O), 4,76-4,64 
(m, 1H, NCHCH a OTBDMS), 3.97 (s, 3H, OCH 3 ) r 3.72-3.66 (m, 5H, NCHC^OTBDMS and GQ 2 CH 3 l 3.02 (s, 2H, 
NCH-CCH^OsCHa), 3.01-2.63 (m l 2H t NCH=CCH 2 C0 2 CH 3 C« 2 ) 1 0,90 (s r QH^iCfC/^), 0.11 (s, 6H,Sf(CH 3 ) 2 ); 13 C 
NMR (67.8 MHz, CDC! 3 ) 6 170.7 (C0 2 CH 3 ), 154.6 (NC=0), 148.3 (C nrQJTI ) : 137.6 (C arom ), 135,2 (C ar0m ), 128.8, 128.5 
and 127.6 (BnC-H arom ), 126.7 (C arom ), 126.1 (NCH=CCH 2 C0 2 CH 3 ), 118.8 (NCH=CCH 2 C0 2 CH 3 ) ; 109.9 (C-H arom ), 
109.0 (C-H arom ), 71 .3 (PhCH 2 0) ; 60.7 (NCHCH 2 OTBDMS) 1 59.0 (NCHCH 2 OTBDMS) T 56.7 (OCH 3 ), 52.0 (C0 2 CH 3 ), 
35.1 (NCH^CCH 2 C0 2 CH 3 ), 33.8 {NCH=CCH 2 C0 2 CH 3 CH 2 ). 25.8 (SiC(CH 3 ) 3 ). 18.2 (SiC(CH 3 ) 3 ), -5.3 and -5.4 (Si 
(CH 3 ) 2 ). 

(2S)-A^(4-Benzyioxy-5-methoxy-2-nitrobenzoyl)-2-^^ 
2,3-dihydropyrrole (20). 

45 

[0121] A solution of the silyl protected compound 274 (0.45 g, 0.79 mmol) in THE (8 mL) was treated with H 2 0 (8 
mL) and glaciai acetic acid (24 mL). After 5 hours stirring at room temperature TLC (50% EtOAc/Petroleum Ether) 
showed the complete consumption of starting material. The mixture was carefully added dropwise to a stirred solution 
of NaHC0 3 (64 g) in H 2 G (640 mL) and extracted with EtOAc (3 X 1 00 mL). The combined organic layers were washed 

50 with H 2 0 (100 mL), brine (100 mL), dried (MgS0 4 ), filtered and concentrated in vacuoXo give the crude product as an 
orange glass. Purification by flash chromatography (80% EtOAc/Petroleum Ether) furnished the pure alcohol 20 as a 
light orange glass (0.35 g t 98%): 1 H NMR (270 MHz, CDC! 3 )S7.78 (s ( 1H arom ), 7 48-7.33 (m, 5H aro J s 6.86 (s, 1H arom ), 
£.82 (s, 1H, NCH=CCH 2 C0 2 CH 3 ), 5.22 (s, 2H ; PhCH 2 0), 4.81-4.71 (m, 1H, NCHCH 2 OH), 3.98-3.92 (m, 5H, 
NCHCH 2 OH and OCH 3 ), 3.72 (s, 3H r CQ 2 CH 3 ) , 3.1 0-2 22 (m, 3H, NCH-,CCH 2 C0 2 CH 3 and NCH^CCH 2 C0 2 CH 3 CH 2 ), 

55 2.50-2.35 (m, 1H t NCH = CCH 2 C0 2 CH 3 CH 2 ) ; ™C NMR (67.8 MHz, CDCI 3 ) 5 170.6 (C0 2 CH 3 ), 154 8 (NC=0), 148.5 
( C arom). 1 37.5 (C arom ), 135.1 (C arom ), 128. 9 r 128 6 and 127.6 (BnC4H arom ), 126.2 (NCH=CCH 2 C0 2 CH 3 ) ; 1194 
(NCH=CCH 2 C0 2 CH 3 ) J 109.8 (OH arom ) : 109.0 (C-H arom ), 71 4 (PhCH 2 0) : 61 5 (NCHCH 2 OH), 51.4 (NCHCH 2 OH) : 
56.8 (OCH 3 ), 52.1 (C0 2 CH 3 ), 35 6 (NCH-CCH 2 C0 2 CH 3 ), 33.5 (NCH-CCH 2 C0 2 CH 3 CH 2 ); MS (El), m/z (relative in- 
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tensity) 456 (M-, 7), 286 (M-NCHC=CH 2 C0 2 CH 3 CH 2 CHCH 2 OH, 25), 270 (NCHC=CH 2 C0 2 CH 3 CH 2 CHCH 2 OH , 6), 
91 (PhCH 2: 100), 80 (6); exact mass calcd for C 23 H 24 N 2 O b m/e 456 1533, obsd m/e 456. 1557. 

(2S)-W-(2-Amino-4-benzyloxy-5-methoxybenzovl)-2-{hydroxyrnethyl)-4-(methoxycarbonylmethyl)- 
2,3-dihydropyrrole (21). 

F01221 A solution of the nitro-alcohol 20 (0.35 g, 0.77 mmo!) and SnCI 2 /2H 2 0 (0.87 g, 3 86 mmo!) in methanol (16 
mL) was heated to reflux and monitored by TLC (90% CHCI 3 /MeOH). After 1 hour the MeOH was evaporated ,n vacuo 
and the resulting residue cooled (ice), and treated carefully with saturated NaHC0 3 (65 mL). The mixture was diluted 
with EtOAc (65 mL). and after 1 6 hours stirring at room temperature the inorganic precipitate was removed by filtration 
through celite The organic layerwas separated, washed with brine (100 mL), dried (MgS0 4 ), filtered and evaporated 
in vacuo to give the crude amine 21 as a pale orange glass (0.29 g, 88%) which was carried through to the next step 
without further purification or analysis due to the instability of the amine. 

(2S)-W-[(2-Allyloxycarbonylamino)-4-benzyloxy-5-methoxybenzoyl]-2-(hydroxymethyl)- 
4-(methoxycarbonylmethyl)-2,3-dihydropyrrole (22) 

[0123] A solution ot the amino-alcoho! 21 (0.29 g, 0.68 mmol) in CH 2 CI 2 (12 mL) was cooled to 0°C (ice/acetone) 
and treated with pyridine (0.11 mL, 0.11 g, 1 .39 mmol). A solution of aHyl chloroformale (79 p.L, 90 mg, 0,75 mmol) in 
CH,CI„ (10 ml) was then added dropwise to the stirred mixture. The reaction mixture was allowed to warm to room 
temperature and stirred for a further 2.5 h, at which point TLC (EtOAc) revealed complete consumption of the amine 
21 The mixture was diluted with CH 2 CI 2 (30 mL) and washed with saturated CuS0 4 (20 mL), H 2 0 (20 mL). brine (20 
mL) dried (MgS0 4 ), filtered and evaporated in vacuo. The crude residue was purified by flash chromatography (70 A 
EtOAc/Petroleum Ether) to afford the pure alloc amino compound 22 as a colourless glass (0.14 g, 40%): H NMR 
(270 MH7. CDCI 3 ) 8 8.58 (br s, 1H, NH), 7.88 (br s, lH arom ), 7.50 7.29 (m, 5H aro J, 6.83 (s, 1H arom ), 6 42 (br s, 1H. 
NCH-CCH,C0 2 CH 3 ). 6.03-5.89 (m, 1H, NC0 2 CH 2 CH^CH 2 ), 5.39-5.22 (m, 2H, NC0 2 CH 2 CH-CH 2 ), 5.18 <S 2H 
PhCH 2 0) 4.77-4.73 (m, 1 H, NCHCH 2 OH) : 4 65-4.62 (m, 2H : NCO z CH 2 CH.-CH 2 ), 4.32-3.84 (m, 5H, NCHCH 2 OH and 
OCH 3 ). 3.69 (s. 3H, C0 2 CH 3 ), 3.09 (s, 2H, NCH-.CCH 2 C0 2 CH 3 ), 3.05-2.95 (m, 1H, NCH.-CCH 2 CO^H 3 CH 2 ) 2.35 
(dd 1H J 3 76 16 72 H 7 NCH.CCH 2 C0 2 CH 3 CH 2 ) ; « C NMR (67.8 MH7 : CDCI 3 ) 6 170.6 (C0 2 CH 3 ), 167 4 
(NC=O amjde ). 153.5 (NCO carbamate ). 151.1 (C arom ), 144.4 (C aro J, 136.1 (C ) 132 6 (C ) 132.4 
(NCO,CHoCH=CH,). 128.6. 128.1 and 127.7 (BnC-H artOT1 ), 118.5 (NCH=CCH 2 C0 2 CH 3 ), 118.2 ^0£^H=OH£ 
12 1 \CM ) 106 3 (CHI, 70.7 (PhCH 2 0), 66 5 (NCHCH 2 OH). 65.9 (NC0 2 CH 2 CH^CH 2 ), 61 .9 (NCHCH 2 OH), 
56 7 (0^)52 .1 (C0 2 CH 3 ) 35.6 (NCH=CCH 2 C0 2 CH 3 ), 33.6 (NCH^CCH 2 C0 2 CH 3 CH 2 ) ; MS (FAB), m/z (relative 
intensity) 618 <M- \ TOoglycerol, 2), 511 (M«- * 1 , 5), 510 <M~. 1 ). 340 (M-NCH=CCH 2 C0 2 CH 3 CH CHCH OH, 20), 
300 (3), 282 (14), 256 (7), 192 (6), 171 (16), 149 (22), 140 (12), 112 (4), 91 (PhCH 2 , 100), 80 (6), 65 (1), 57 (3). 

(11S,11aS)-10-Altyloxycarbony»-8-benzyloxy-11-hydroxy-7-methoxy-2-(methoxycarbonylmethyl)-1,10,11,11a- 
tetrahydro-S/fpyrrolo^l-cjn ,4]benzodiazepin-5-one (23). 

[0124] A solution of the alcohol 22 (0.1 4 g, 0.28 mmol) in CH.CI^CH^N (1 2 mL, 3: 1 ) was treated with 4 A powdered 
molecular sieves (0.15 g) and NMO (49 mg, 0.42 mmol). After 15minutes stirring at room temperature TPAP (*90 
mg 14 pmol) was added and stirring continued for a further 1 hour 30minutesutes at which point TLC (80 /o EtOAc/ 
Petroleum Ether) showed product formation along with some unoxidised starting material. The mixture was then treated 
with a further quantity of NMO (49 mg, 0,42 mmol) and TPAP (4.9 mg, 14 pmol), and allowed to stir for a further 0.5 
hours when TLC revealed reaction completion. The mixture was evaporated in vacuoonto silica and subjected to flash 
chromatography (60% EtOAc/Petroleum Ether) to provide the protected carbinolamine 23 as a colourless glass (39 
mg, 28%): 1 H NHR (270 MHz CDCI 3 ) 5 7.43-7.25 (m, 6H arom ), 6.90 (br s. 1 H arom ). 6.74 (s. 1 H. NC ^ C ^2 C °2 C ^ 
5 79-5 64 (m 1H NCO ? CH 2 CH=CH 2 ). 5.77 (d. 1H, J= 10.26 Hz, NCHCHOH), 5.19-5.06 (m, 4H, NC0 2 CH 2 CH^CH 2 
and PhCH 2 0). 4.64-4.45 (m, 2H, NC0 2 CH 2 CH=CH 2 ), 4.1 8-3.83 (m ,4H, OCH 3 and NCHCHOH), 3.71 (s Sl iCO.C^) 
3 19 (s 2H NCII CC// ? C0 2 C!l 3 ) 3.09 (dd. 1H, J- 11.09, 16.70 Hz, NCH-CCH 2 C0 2 CH 3 CH 2 ), 2.74 (d, 1H, J= 17.03 
Hz NCH=CCHoCO,CH 3 CH 2 ): «C NMR (67.8 MHz, CDCI 3 ) 5 170.7 (C0 2 CH 3 ), 163.3 (NC=O amide ), 155^9 
IK "r O \~1503(C )1491(C ) 136.1 (C amm ). 131.8 (NC0 2 CH 2 CH=CH e ), 128.7, 128.2 and 127.3 (BnC- 

^C=0 C a^^)e^.^03^^«w^^^^ ' .^g™ '^co 2 CH 2 CR«CH 2 ), H 7.7 (NCH=CCH 2 C0 2 CH3), 114 7 

Ij-TtL), 111 0 (C-H, rom , 85 2 9 (NCHCHOH) 71.1 (PhCEI.O). 66.8 (NC0 2 CH 2 CH-CH 2 ), 59.5 (NCHCHOH), 56.2 
OCH3 52.1 (C0 2 CH;), 37.0 ( NCH,CCH 2 C0 2 CH 3 ), 33.7 (NCH=CCH 2 C0 2 CH 3 CH 2 ); MS (El), m/z (relative intensity) 
508 (M-, 16). 449 (3), 422 (3), 404 (2), 368 (3), 340 (19). 324 (2), 282 (6). 255 (2), 225 (1), 206 : (2) 192 (3) 169 (4), 
152 2) 140 (10) 131 (5), 108 (5). 91 (PhCH 2 , 100), 80 (9), 57 (9): IR (NUJOL®) 3600-2500 (br, OH), 2924, 2853, 
2360, 1715, 1602, 1514, 1462. 1377, 1271, 1219, 1169, 1045, 722, 699; exact mass calcd for C 27 H 28 N 2 O a m/e 
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508.1846, obsd m/e 508.1791 . 

(11S . 1 l aS ) & (11 B ,11aS)-8-Ben Z yloxy-7,11-dimethoxy-2-(m e ihoxycarbony.methyl)-1^ 
pyrro»o[2,1-c][1,4]ben2odiazepin-5-one (24, SJG-245), 

[0125] A catalytic amount of tetrBkis(tripheny.phosphin e )palladium (5.0 mg, ^^^^^^ 
of thAlloc-orotected carbinolamine 23 (88 mg, 0.17 mmol), triphenytphosphtne (2.27 mg, 3.65 nmol) and PV'™™ 
of the Alloc protected carotn i a Te mperature under a nitrogen atmosphere, TLC 

"ItO A IZTun ^Etf rV eve^d'L coX conslpticn of staging materia!. The solvent was = atcd 
( ™^^^r*le residue was purified by flash chromatography (60% EtOAc/Petroleum ^ord the n««. 

PBD (SJG 245) as a colourless gla,. '54 mg. 77%) which was ^^^^^J"^^°^ 7 50 s 
provide the N10-C11 imine form 24: 1 H NMR (270 MHz, CDCI 3 ) (imme) 5 ,7 B0 (d, 1H ^f^,^'^^ 
,u v 7^7«lm \ 691 (brs 1H NCH=CCH 2 C0 2 CH 3 , 6.83 S, 1H arom ), 5.21-5.12 (m, 2H, PhO/i 2 U , 

1 H arom ), 7.45-7.26 (m, 5H aro J, b.yilDr s. 2 2 3/ N cH=CCH 2 C0 2 CH 3 ), 3.15 m, 2H, 

(Carom)' 1481 ^arom). ^0.1 (C ), I36.0 C^W-J^ ' 70 8 (PhCH 2 0). 56.2 (OCH 3 ), 53.8 (NCH- 

1192(C ) 117.5(NCH=CCH 2 C0 2 CH 3 ), 111.8 (C-H arom ), 111,5 (C H arom >, 'u.fur 2 y. 
h "n SI'S r ( C0 2 CH 3 ), 37.4 (NCH^CH 2 C0 2 CH 3 ) : 33,6 (NCH = CCH 2 C0 2 CH m 2 V 

v 2 3/ .,^„r->/i ,.»ih rw OH orovided the N10-C 1 methyl ether forms 25 HlNiviH^/u 

[0126J Repealed evaporation vacuo of 24 "« h CH 3° H ^ de J e 1 H, NCH-CCH 2 C0 2 CH 3 ), 6.62 

MHz CDoOD)(11S,11aSisomer)S7.44-7.25(m,5H arom ),7.16(s ; 1 H al J, b.BS (or s, , in, H „i, Hn V,|> ~ R0 

MMz^UgUUM ' , , 0 , 452 (d 1H j- g eo Hz, NCHCHOCH3), 4.00-3.85 (m : 1H, NCHCHOCH3), 3.80 

(s, 1H aro J,5.09(s, 211, PhO// 2 Uh4.^ta in * ■ 324(brs 2H NCH=CCH 2 C0 2 CH 3 ), 3.2O-3.00 m, 

(a, 3H, OCH3). 3.69 (s, 3H,C0 2 CH 3 ) ; 3.4 (s 3H, NCHCHOC^ W- " 4 J 8 '^' 8 £, H z C D 3 OD> (HS.HaS 

1H NCH.CCH 2 C0 2 CH 3 CH 2 ), 2.60-2.50 (m, 1H, NCH=CCH 2 C0 2 CH 3 CH 2 ) C NMH Jb/.» , 3 M 
lS0mG r )S 172.^CO 2 2 CH V 66. ( C ),153.3^ 

1 «',r 5' 1 T 9 7 I 8 fNCH^OcT > 7 (PtT^S ,of (M^CHOCH 3 ), ( 56.8 (OChJ. 55.2 (NCHCHOCH 3 ), 52.5 
109.2 (C-H arom ), 97.1 (NCHCHOCH3), / < Kn ^* 1 J MS , Ej , / (relative intensity) 420 (M 4 ", 

(CO0CH3), 38.7 (NCH.CCH 2 C0 2 CH 3 ), 34.1 (NCH= . --, 2 C0 2 CH 3 CH 2 ) MS . < E I), ^m/z (T y 

65(7)- IR(NUJOL®) 3318 (br, OH of carbinolamine form), 2923, 2853, 1737, 1ba ^ ~ ' h NJ O m/e 

150 1 1464, 1461, 1452 1378. 1244, 1072, 1006. 786. 754, 698 cm-1; exact mass calculated for C 23 H 22 N 2 O s m/e 
406,1529, obsd m/e406.1510. 

[0127] 
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Example 1 (d) 

55 {2S) . W - [(2 .A..y.ox y carbo„y 1 amino)-4. b enzy.oxy-5-methox y benzoy!]- 2 -( f er^but yl dimethy.silyt 0 xymethyl)- 
4-(methoxycarbonylmethyl)-2,3-dihydropyrrole (26) 

10128] Petrofeum Ether (100 mL) was added to a sample o, NaH (1 .41 g of a 60% dispersion in oil, 35,25 mmol) and 
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stirred at room temperature under a nitrogen atmosphere. After 0.5 hours the mixture was allowed to settle and the 
Petroleum Ether was transferred from the flask via a double-tipped needle under nitrogen THF (80 mL) was added to 
the remaining residue and the mixture was cooled to 0°C (ice/aceione). The cool solution was treated dropwise with 
a solution of methyldiethytphcsphonoacetate (6.47 mL, 7.41 g : 35.25 mmol) in THF (80 mL) under nitrogen. After 1 .5 

5 hours at room temperature, the mixture was cooled to 0"C and treated dropwise with a solution of the ketone 6 (8.0 
14.1 mmol) in THF (50 mL) under nitrogen. After 1 6 hours at room temperature, TLC (20% EtOAc/Petro!eum Ether) 
revea | ec j reaction completion. The THF was evaporated in vacuo and the mixture partitioned between saturated 
NaHC0 3 (200 mL) and EtOAc (220 mL) The layers were separated and the aqueous layer extracted with EtOAc (2 X 
200 mL). The combined organic layers were washed with H 2 0 (200 mL), brine (200 mL), dried (MgS0 4 ), littered and 

io concentrated in vacuolo give a dark red oil. Purification by flash chromatography (15% EtOAc/Petroleum Ether) fur 
nished the endo-ester 26 (7,02 g, 80%): [a] 22 D = -93.0 ° (c = 1 04 : CHC! 3 ) ; 1 H NMR (270 MHz, CDCI 3 ) 5 8.78 (br s, 
1H). 7.95 (s, 1H), 7.50-7.29 (m, 5H), 6,82 (s, 1H), 6.46 (br s, 1 H) f 6.02-5.88 (m, 1H), 5,35 (dd, 1H, J- 2.93, 17,22 Hz), 
5 24 (d. 1H J - 1 0.44 Hz), 5.1 8 (s, 2H), 4.70-4.61 (rn, 3H), 3.96-3.82 (m, 5H), 3.68 (s, 3H), 3.08 (s, 2H), 2.91-2.82 (m, 
1H). 2.71-2.65 (m. 1H), 0.88 (s, 9H>, 0.06 and 0.04 (s x 2, 6H); 13 C NMR (67.8 MHz. CDCI 3 ) 5 170.7. 1B5.B, 153,5, 

15 150.6. 144.0. 136.2, 132.7, 132.5, 128.6, 128,2, 128.1, 127.7 S 118.1 : 118.0, 114.4, 112.0, 106.0, 70.6, 65.7. 62.3, 59.4, 

56.6. 52.0 34.6. 33.9 25.8, 18.1, ^5.4; MS (El), m/z (relative intensity) 626 (M + " f 1, 3), 625 (M +J +■ V 7), 624 (M + ", 
14). 568 (5). 567 (11). 509 (3), 476 (3). 341 (5), 340 (17). 339 (4), 299 (3). 286 (18), 285 (87), 282 (11), 256 (4) r 242 
(3). 229 (3). 228 (14). 226 (11), 168(10), 166(3), 152 (6), 141 (5), 140(50). 139(9), 108 (3), 92 (1 0), 91 (100), 89 (6), 
30 (11). 75 (11). 73 (10). 65 (5), 57 (6), 41 (12); IR (NEAT) 3332 (br, NH) : 3019, 2953, 2930 : 2857, 1733, 1622, 1599, 

20 1524 1491. 1464. 1408, 1362 : 1335, 1258, 1205. 1171, 1113, 1051 , 1027, 938, 839, 757, 697, 666 cm' 1 ; exact mass 
calcd for C^H^IS^OaSi m/e 624.2867, obsd m/e 624.2936. 

(2S)-AH(2-AHyloxycarbonylamino)-4-be^^ 
4-(hydroxy-2-etbyl)-2,3-dihydropyrrole (27) 

25 

[01 29] A solution of the ester 26 (4.0 g, 6 .41 mmol) in THF (55 mL) was cooled to 0°C (ice/acetone) and treated with 
LiBH 4 (0,21 g. 9.62 mmol) in portions The mixture was allowed to warm to room temperature and stirred under a 
nitrogen atmosphere for 26 hours at wh ich point TLC (50% EtOAc/Petroleum Ether) revealed the complete consumption 
of starting material The mixture was cooled to 0°C (ice/acetone) and water (14 ml ) was carefully added. Following 

30 evaporation of the THF in vacuo, the mixture was cooled and then neutralised with 1 N HCL The solution was then 
diluted with H £ 0 (100 mL) and extracted with EtOAc (3 X 100 mL), the combined organic layers washed with brine 
(100 mL), dried (MgS0 4 ) ; filtered and evaporated in vacuo. The crude oil was purified by flash chromatography (30 -» 
40% EtOAc/Petroleum Ether) to furnish the pure endo-alcohol 27 as a transparent yellow oil (2.11 g, 55%): |ct] 2Z D = 
-86.43 ° (c= 1.38, CHCU,); 1 H NMR (270 MHz, CDCl 3 ) 5 8.76 (brs, 1H), 7.92 (br s, 1H), 7.50-7.28 (m, 5H), 6.82 (s, 

35 1H). 6,36 (brs, 1H), 6.02-5.87 (m, 1 H). 5.35 (d, 1 H, J- 17.22 Hz), 5.24 (d, 1H J= 11.72 Hz), 5.1 8 (s, 2H), 4.64-4.61 
(m, 3H). 4.10-3.99 (m, 1 H) : 3.80 ( Sj 3H), 3.79-3.66 fm, 3H) t 2.85-2.75 (m, 1 H), 2.64-2.60 (m, 1 H), 2.30 (t, 2H ; J = 6.23 
Hz): 1-74 (brs ; 1H), 0.88 (s r 9H) r 0 06 and 0.04 (s x 2, 6H); 13 CNMR (67 8 MHz, CDCI 3 ) S 1 65.3, 153.5. 150.5, 144.2, 
136.3, 132.5, 128.6, 128.1, 127.7, 126.7, 122.8. 118 0, 114 3. 112.0, 106.1.. 70. 7, 65.7, 62.8, 60.4, 59.1, 56.6, 34.4, 

31.7. 25.8, 18.2, -5,4: MS (El), m/z (relative intensity) 598 (M * " 1 2, 3), 597 (M + " + 1, 5), 596 (M 4 \ 13), 581 (2), 541 
40 (2), 540 (4), 539 (9). 448 (2). 341 (2), 340 (12), 282 (7), 259 (5), 258 (20), 257 (100), 256 (3). 227 (3), 226 (12), 200 

(5), 168 (6). 124 (3), 113 (3), 112 (50), 111(4), 94 (10), 91 (25), 73 (3); IR (NEAT) 3340 (br) ( 3066. 3033, 2930, 2857, 
1732, 1598, 1520, 1456, 1409. 1328, 1205, 1166, 1113, 1049, 1023, 938, 839, 778, 744, 697, 677, 637 cm- 1 . 

(2S)-AH(2-Any!oxycarbonylamino)-4~ben^ 
45 butytdtmethylsilyloxymethyl)-2 ? 3-dihydropyrrole (29) 

[0130] Acelic anhydride (8.1 7 cj, 7,55 mL. 80 mmol) and pyridine (30.2 mL) were added lo the alcohol 27 (0.953 g, 
1,60 mmol) and the solution stirred for 16 hours under nitrogen at which point TLC revealed reaction completion (50% 
EtOAc/Petroleum Ether). The reaction mixture was cooled to 0 n C (ice/acetone) and treated dropwise with MeOH (15 

50 mL), After stirring at room temperature for 1 hour the mixture was treated dropwise with H 2 0 (30,2 mL) and allowed 
to stir for a further 1 6 h Following dilution with EtOAc (56 mL), the solution was cooled to 0°C and treated dropwise 
with 6 N HCI (56 mL). The layers were separated and the organic phase was washed with 6N HCI (2 X 28 mL) and 
the combined aqueous layers were then extracted with EtOAc (70 mL). The combined organic phases were then 
washed with H 2 0 (60 mL). brine (60 mL), dried (MgS0 4 ), filtered and evaporated in vzcuo. The crude oil was a mixture 

55 of the desired product 28 and the TBDMS cleaved compound 29 as judged by TLC. Purification by flash chromatography 
(20 -> 100% EtOAc/Petroleum Ether) provided 29 (0.2 g) and desired acyl-TBDMS compound 28 (0.59 g, 58%) as a 
colourless oil: [a] 22 D = - B7.04 0 (c - 4.91, CHCI 3 ); 1 H NMR (270 MHz ; CDCl 3 ) (Rotamers) 5 8.77 (br s. 1H), 7.94 (br 
s, 1H), 7.49-7.31 (m, 5H), 6.80 (s, 1H), 6.37 (brs, 1H), 6.02-5.89 (m, 1H), 5.35 (dd, 1H, J = 17.22, 1.65 Hz), 5.24 (d, 
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30 



35 



40 



45 



1H J-1O30H7) 5.19 (S.2H), 4.64-4.61 (m, 3H), 4.12 (t, 2H, J - 6.78 Hz). 4.03-3.95 (m, 1H). 3.83-3.75 (m, 4H), 
85 2.75 (m, 1 H 2.64-2.60 (m. 1 H). 2 40-2.26 (m, 2H,). 2.03 (s, 3H) a« ? (S 0.04 0.0- and 0.01 1 (s > : 3, 6H). -C 
NMR (67 8 MHz. CDCI 3 ) 5 170.9, 165.5, 153.5, 150.6, 144.1, 136.3. 132.7, 132.5, 128.6, 126 .1 .127.7. 126.5_122j 
1180 1143 1122 106 1 70 7 65.7. 62.4. 60.4, 59.2, 56.7, 34 6. 31 .7, 27.9, 25.8, 20.9, 18.2, -5.4; MS (EJ) m/z 
intensity) 640 (^- + 2, 3), 639 (M- + 1 , 7), 638 (M-. 15), 623 (2), ^^^^^.^ 
linn) 341 (5) 340(22) 301 (5) 300 (1 8), 299 (75), 283 (3), 282 (1 4). 256 (4), 242 (7), 241 (5). 240 (1 6), 239 (62). 
226 6) 192 3) 82 8) 181 (5) 180 (3). 68 (5 , 166 (5), 154 (10), 131 (3), 106 (3), 95 (4), 94 (48), 93 i (5) 92 (8) 
9 ( 00) 89 5), 75 (6) ) 73 (8 , 65 (3), 57 (3); IR '(NEAT) 3324 (b, NH), 3066, 3018^2954, »J0^BB7. 1737. 1622. 
1593 1523 1489 1464, 1409, 1363, 1327, 1230, 1205, 1168, 1115, 1080, 1030, 994, 937, 839,756, 697, 667, 638, 
606, 472, 459, 443 crrr"; exact mass calcd for C 34 H 46 N 2 O s Si m/e 638.3024, obsd m/e 638.3223 

(2S)-^[(2-Allyloxycarbonylamino)-4-benzyloxy-5.methoxyben ZO yll-4-{acyloxy-2-ethyl)-2-(hydroxymethylh 

2,3-dthydropyrrole (29) 

r 0 131l A solution of the silyl ether 28 (0.83 g, 1 .30 mmol) in THF (14 mL) was treated with H 2 0 (14 mL) and glacial 
acetic acid (42 mL). After 2 hours stirring at room temperatureTLC (50% EtOAc/Petroleum Ether showed the comply 
consumption of starting material. The mixture was cooled (ice) and treated dropwise with a solution of NaHC0 3 (64 g) 
in h!o (640 mL) . The aqueous solution was extracted with EtOAc (3X100 mL) and the combined organic layers we re 
washed with H 2 0 (1 50 mL), brine (100 mL), dried (MgS0 4 ). filtered and concentrated in vacuole gtve thecrude produc 
L an orange o I. Purification by flash chromatography (60% EtOAc/Petroleum Ether) furmshed the pure , alcoho 29 as 
glass (0.537 g, 81%): M » D = -83.60 - (c . 0.25, CHC W: 1 H NMR (27 J MHz. ODJ 8.56 (b s, H), 7*9 
lhrs .ji 74q 729fm 51 0 6 81 (s 1 H) 6.28 (br s, 1 H). 6.03-5.89 m, 1 H), 5.35 (ddd, 1 H, J 1 7.22, 3.1 1 , 1 .46, MZ , 
25 fd V J 10 44 H 5 ?9 s 2H) 4.80-4 70 (m. 1H>. 4.65-4.62 (m, 2H), 4.41-4.31 (m, 1H) 4.20-4.06 (m, 2H,>, 
, 2 if.77 (m' ^SiiS* (m, ( 1H), 2.39 (, 2H, i 6.51 Hz), 2.33-2,5 (m, ,£> 2£ (s, 3H, -C NMR (67.8 MHz, 
CDCi 3 )S 170.8, 1 67.1, 153.5, 151 .0, 144.3, 136.1 , 132.6. 132.4, 128.6, 128 1 127.7, ™*<™^\™^$: 
vn 7 L R fifi 8 62 0 61 7 56 8 35 4 31 .7, 27.8. 20.9; MS (El), mfz (relative intensity) 525 (M* + 1,5), 524 (M 
Si 341 (5) 340 (16? ' 299 (2) 283 3) 282 (14), 256 (4). 227 (5), 208 (2), 192 (3), 190 (2), 136 (9), 185 (60), 168 (2), 
S 5) 166 T^Ztim, 1^3), 136 (3), 131 (3), 126 (7), ^•^^^^^^ 
94 M9 93(3) 92(9) 91 (100), 83 (2), 69 (2), 68 (3), 67 (3), 65 (5), 58 (6), 57 (17) ; IR (CHCI 3 ) 3335 (br), 2933, 1732, 
1599 1524 145' ,.1434, 1408 1231 ,1170, 1112, 1029, 995, 932, 868, 765, 698, 638, 606 cm T exact mass calcd for 
C 28 H 32 N 2 0 8 m/e 524.2159, obsd m/e 524.2074. 

(1 1 S.1 1 aS)-2-< Acy loxy-2-ethyl)-1 0-ally loxycarbony1-8-benzyloxy-1 1 -hydroxy-7-methoxy-1 ,1 0,1 1 ,1 1 a- 
tetrahydro-5H^pyrrolo[2,1-cl[1 ,4]benzodiazepin-5-one (30) 



50 



55 



Method A: 



minn A solution of DMSO (0 25 mL 0 27 g. 3.49 mmol) in CH 2 CI 2 (1 0 mL) was added dropwise over 35m I notes, to 
1^,5 L of a 2.0 M solution in CH 2 C> - 1-75 mmol) at -45=C (li q .N 2 /Ch,orobenzene) under 
t nit oaen atmosphere After stirring at -45°C for 40minutes, a solution of the alcohol 29 (0.51 g, 0.97 mmol) in CH 2 CI 2 

7 m KS^ over 35minutes at -45°C. After 55minutes a, - 45«C, the mixture was treated dropwise 
with a sdutio of TEA (0 57 mL. 0 41 q, 4. 1 0 mmol) in CH 2 CI 2 (5 mL) over 40minutes at -45«C. After a further 45m,nutes 
breach o^xture was allowed to warn, to room temperature and was diluted with ^^^^m 
HCI (60 mL), H a O (60 mL), bnne (30 mL) , dried (MgS0 4 ), filtered and evaporated ,n vacuo. 1 LC (80 „ OA Pe 0 cum 

Ether) of the crude material revealed complete reaction. Purification by flash chromatography (50 % EtOAc/Petroleum 

Ether) furnished the protected carbinolamine 30 as a creamy glass (0.25 g, 49%). 



Method B 



[01 33] A solution of the alcohol 29 (0.21 g, 0.40 mmol) in CH 2 C! 2 /CH 3 CN (30 mL, 3:1 ) was treated wrfh ,4 A powdered 
L.ecu.ar sieves (0,5 g) and NMO (69 mg, 0 59 mmol). After 15minutes stir ring at roorr , temper* ^J^iZ) 
19,8 nmol) was added and stirring continued for a further 1 hour at which point TLC (80 ^^Petr^rn Hh 
showed product formation along with some unoxid.sed starting material. The mixture was then treated with ,s further 
Quantity of NMO (35 mg. 0.30 mmol) and TRAP (3.50 mg, 10 ,mol), and allowed to st.r for a further 1 5 hours after 
Sle TLC reveal compiete reaction. The mixture was evaporated .nvzcuo ontc , s*ca , ar , subjected to flash 
chromatography (50% EtOAc/Petroleum Ether) to provide the protected carbinolamine 30 as *™W&^<&™Q> 

II, fi c., c _ oq5 CHCU- 'HNMR (270 MHz, CDCI 3 ) 5 7.49-7.26 (m, 6H), 6,80 (s. 1H), 6.76 (s, 1H), 
5 ^59^] ^ 575 (d 1H S loSz), 5,9-5.05 (m, 4H), 4.52-4,9 (m, 2H), 4,8-4.08 (m, 3H), 3.95-3.80 (n, 
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(67 .8 MHz, CDCW 8 171 .1 . 163.1 . 155 9 ^150.3. 149.1 ^ 131 * 12 8 7 1 . ^ ^ 

118.0, 114.8. 111.0, 85.9, 71.1, 6S.8, 62,0 7 0 7 59 £565 , 3^0.27^ 21 . J > ^ o) _ 65 {4) 5? 

13). 463 (9). 462 (13), 341 (8), 340 (32), 282 (11), 256 i (3) 1 83 (5) 154 (3), 
exact mass calcd for C 28 H 30 N 2 O 8 m/e 522.2002, obsd m/e 522.2008. 

benzodiazepin-5-one (31 ,UP2051 , SJG-301) 

;c or mn 4 iimoll was added to a stirred so- 
10134, A catalytic amount of mg, 9,0 ,mo» and pyr- 

ution of the Alloc-protected carbinolamine 30 95 mg 0.18 mmo^ U phony p P g ^ atmQsphere 

rolidine (13.6 mg, 0.19 mmol) in CH 2 CI 2 (10 mL). After 1 hour "^^^^^^^^weparatedlnvw 
TLC (97% CHCI 3 /MeOH) revoaled the complete consumption of starti ng material PBD (31 , SJG-301 , 
and he crude residue was purified by flash chro « aph ^ in order to provide the N1 0-C11 

UP2051) as an orange g.ass which was repeatedly evaporated n vacuo* 3 g 7 . 78 (d , 1 H, J 

.mine form (66.3 mg, 87%). [«Fo = + 741 6/ * (c = 0^ CHCV, H ^ ^ g ^ ^ ^ g 

- 4 03 Hz). 7.70-7.28 (m, 6H), 6.83 (s, 1 H), 6.82 (S, 1H) 5 .1 J o. io| . A MHZ, CDCI 3 ) (Rolamers) 

( m.'lH),328-3.15 ( mJH),3.04- 2 .97(m,1H)2,^ 

6170 9 162 6 161.1.150.9,148.2,140.1,136.1,132.1,132.0 28.7 , 28.b 1, 420 (M ,-. 14 ), 41 9 (1 2), 41 8 
Si , 56.2. 53.6, 37.4, 27.9, 21 .0; MS (El), - J (4 129 (3), 105 (3), 94 (4), 93 (3), 92 

(36), 361 (6), 360 (20), 328 (3), 313 (8), 270 (4). 269 (7) 268 0 ^67 (22 , 2o ( . ^ ^ ^ ^ 

^X^t l^ 1^4, laS: U 542 exact mass caicd for 

C 24 H 24 N 2 0 5 m/e 420.1685, obsd mto 420.1750. 

tetrahydro-5H-pyrroto[2,1-c][1 ,4]benzodiaz e p.n-5-one (32). 

n - u n ,K mil was added dropwise to a stirred solution of the acyl 
[0 1 35, A so,ut,on of K 2 CO (328 mg ^ ^ S 8 ml) After stirring for 1 6 hours at room temperature 
compound 30 (0.248 g, 0.475 mmot) m CH 2 CI 2 (3 mLV and Me t > ^ ^ ^ ^ g doudy aqueous 80 _ 

TLC (EtOAc) revealed complete reachon. The MeOH CH 2 U 2 wa w comb ined organic layers were 

lut J which was dieted with H 2 0 (30 mL) and extrac ed w ^^CHnL)^ g ^ ^ ^ 

then washed with brine (30 mL), dned (MgS0 4 , f,,tercd ^ ^ oallvljc a | coho | 32 as a transparent colourless glass 
by flash chromatography (97% WC\^BW)i^M^^^^ te ^ 6H) . 6 . 84 (a , 1H ), 

, (178 mg, 78%): [*F D , = +48.43 • (c = 1 .56. CHC^H NMR (270 MHz 3^ g g2 g 7Q (m ^ 

6.73 (s. 1H), 5.74-5.55 (m, 1H). 5.73 <d 1H J -=8 .7 9 H z> 5, 9 5.06 ^ ^ 5 i 63.1 , 1 55.8, 150.3, 

3.07-2.97 (m, 1H), 2.67 (d, 1H, J= 16.49 Hz) 240-2,7 (m 2H) G t m g 11Q g _ g6.0, 71,1, 

149 1. 136,, 131.8, 128.6, 128.1, 127.7, 127.4 125 3, 124 1_124.0 23. - + ^ (M+ . 26) 

66 7. 60.3. 59.6, 56.2. 37.1, 31.5; MS (El), ^« ' n ) 143 (4) 141 (13. 131 (6), 112 (24), 110 (4), 

o 449 4), 378 (12). 347 (7), 341 (7), 340 (25) 339 (4^284 4). 282 (10^ ^^J^^ m/e 480,897, 
94 (10), 92 (9), 91 (100), 80 (4), 70 (5), 69 (7). 65 (4), 53 (11), 57 (29), 
obsd m/e 480. 1886. 

43 benzodiazepin-5-one (33, UP2052, SJG-303). 

, , ■ , Q , a mrl r 13 umon was added to a stirred so- 
[0 136, A catalyhc amount ol (4.26 mg. 16.3 pmo.) and 

,uiion of the Alloc-protected carbmoiamme 30 (1 .6 mg^ 0.3G i m ^ J at room tempera ture under a 

pyrrolidine (24.3 mg, 0.34 mmo!) in CH 2 C 2 (15 mL). After hour 5 ^^ Qnsum ion of startjng material. The soivent 
so nitrogen atmosphere, TLC (90% CHC 3 /MeOH) reve ^f n .^/^Tchromatography (98% CHCI^MeOH) to afford 
was evaporated in vacuo and the crude res.due was pur he d by flash chr J ^ . p ^ wjth CHC , 3 in ordcr 
the PBD (33, SJG-303, UP2052) as an orange g ass wh,ct w (R P otBmerc) 6 7 . 75 (d. 1H, J = 4.03 Hz)^ 

to provide the N10-C11 imino form (103 mg 84%): 'H NMR _(2 0 MHz, 3 M s ^ 25 1H) 3 18 . 3 15 

7 58-7.22 (m, 6H), 6.32-6.80 (m, 2H), ^ 7 - AM £'^.^°; m c^ (Retamers) 5 1 62.3, 161.1, 152.3. 150.9, 
55 (m. 1H), 3.04-2.97 (m. 1H), 2.52-2.47 (m, 2H>; «C NMR (67 8 MHz CDCI3) (R J ^ ^ ^ ^ ^ 3y ? g 

48.1. 142 3, 138.3, 136.4, 128.7. 128.6, 1^ ; ^ ^ ^ ^7 (36) 376 (77). 375 (6), 347 (8), 345 (5), 334 (5). 
MS (El), m/z (relative intensity) 380 ^^^^'^^^is). 268 6), 267 (5), 259 (5), 257 (13), 255 
333 (19), 288 (14), 287 (14), 286 (36), 285 (50), 272 (6), 271 (2<£), 
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(24) 243 (15) 155 (6) 136 (5). 124 (7). 106 (6), 93 (6), 92 (38), 91 (100), 65 (16), 63 (5), 51 (5); IR <CHCI 3 ) 3313, 
2913 162^1598 1568, 1509 1455, 1436, 1386, 1328, 1243, 121B, 1175, 1130 1061, 1007, 870, 831 , 792, 752, 697, 

662 cm-1; exact mass calculated for ^WW^^^^^^jlfS^ methyl ether forms: 1 H NMR 
F01371 Repeated evaporation in vacuooi UP2052 with OH 3 UH proviaea me imiu " ,c "'' 

(270 MHz, CDCI 3 ) (Rotamers) 5 7.66-7.22 (m, 6H), 6 82-6.81 (m, 2H), 5.21 -4.76 (m, 2H), 4.61-4,15 (m, 1 H), 4.03-3.71 

(m, 5H), 3.44 (s, 3H), 3.35-1 .92 (m, 7H). 

Example 1(e):Synthesis of the C7,C8.Pimethoxv-C2-Methoxvcarbonylmethyl PBD AN^JG142^0j5^ 
Figure 4) 

[01 38] 



MeO 



MeO 




(2S)(4fl>-*f4,M>lii»fliM^ (35) 

[0139] A catalytic amount of DMF (2 drops) was added to a stirred solution of the nitro-acid 34 (12.45 g 54.8 mmol) 
and oxalyl chloride (5.75 mL. 8.37 g 65.9 mmol) in CH 2 Ci 2 (300 mL). After 16 hours at room ^f^*^-" 
acid chloride selution was added dropwiso ever 4.5 hours to a stirred mixture of the amine 2 (1 2.65 g, 54 .8 mmol] , and 
TEA (1 3.86 g, 1 9.1 mL. 1 37 mmol) in CH 2 CI 2 (300 mL) at 0°C (ice/acetone) under a nitrogen atmosphere. The react on 
mixture WRsallowedtowarm to room temperature and s tirredforafurther2.5h.The mixture wa, .washed with saturated 
NaHCO a (300 mL). saturated NH 4 Ct (300 mL), H 2 Q (250 mL), brine (300 mL), dried (MgS0 4 ), flterod and evap^ated 
in vacuoio give the crude product as a dark orange oil. Purification by flash chromatography (80% ^Ac/ p etroleum 
Ether) isolated the pure amide 35 as a sticky orange oil (18 11 g. 75%) [«P* D = - 1 05.7" ^lff"^H NMR 
(270 MHz, CDCI 3 ) (Rotamers) 5 7.71 and 7.68 (s x 2, 1H), 6.86 and 6.79 (. x 2 1 H) , 4 50 and 4.38 (b s x 2, 2H) 
4 1 3-4 10 (m. 1 H). 3.98 (s. 3H), 3.94 (s, 3H), 3 78-3.74 (m, 1 H), 3.35-3.27 (m. 1 H), 3.07 (d, 1H, J= 1 1 1 7 ^Hz) 3 01 2.79 
(b s 1H) 2 35-2 26 (m 1H), 2.1 1 -2.04 (m, 1 H), 0.91 andO.81 (s x 2, 9H), 0.1 0, 0.09, -0.07, and -0.10 (s x 4, 6H) ^ 
NMR (67 8 MHz CDCI3) (Rotamers) 5 165.6, 154.2 and 154.1, 149.3 and 148.9, 137.5, 128.0, 109.2, 107.1, 70.1 and 
69 4 64 7 and 62 5 59 0 and 54 9 57.3, 56.6, 56.5, 37.4 and 36.3, 25.9 and 25.7, 18.2, -5.4, -5.5 and -5.7; MS (El), 
^l^TJ^^^. 2), 426 (9), 386 (4), 385 (20), 384 (65), 383 (100) 367 (4) 320 (4)^308 (7^295 (8 , 
286 (5). 211 (15). 210 (100), 194 (12), 180 (4), 165 (17), 164 (8), 137 (4), 136 (25), 121 (4), 9 (6) 91 _(9) 82 (6) 75 
(15) 73(15) 59 (4) 57 (4); tR (NEAT) 3391 (br, OH), 301 2, 2952, 2931 , 2857, 1616, 1578, 1522, 1456 1436 1388, 
1338 1279 1225 11 83, 1151 , 1074, 1 053, 1 029, 1004, 939, 870, 836, 816, 785, 757, 668, 650, 620 cm"' ; exact mass 
calcd for C 20 H 32 N 2 O 7 Si m/e 440.1979, obsd m/e 440.1903. 

(2S)(4f?)-^(2-Amino-4,5-dimethoxybenzoyl)-2-(f e rt-buty ( dimeth y isilyloxymethyl)-4-hydroxypyrrolidine(36) 

[0140] A solution of hydrazine (6.59 g, 6.40 mL. 205.5 mmol) in MeOH (110 mL) was added dropwise to a 1 solution 
of the nitro-compound I (16.1 g, 41, mmol), over anti-bumping granules and Raney Ni (2.6 B)«MeOH { ^ 
and heated a. reflux. After 1 hour at reflux TLC (95% CHCI 3 /MeOH) revealed some amine formation The r ea t on 
mixture was treated with further Raney Ni (2 6 g) and hydrazine (6.40 mL) in MeOH (50 mL) and was heated a reflux 
for an additional 30minutes at whieh point TLC revealed reaction comptetion. The reaction mixture was then ea ed 
with sufficient Raney Ni to decompose any remaining hydrazine and heated at reflux for a further 1 .5 h^ Follow ng 
oiling To room temperature the mixture was filtered through a sinter and the result.ng filtrate evaporated „ vacuo. 
The resulting residue was then treated with CH 2 CI 2 (300 mL), dried (MgS0 4 ), ^oTn ^Z c n 

provide the amine 36 as a green oil (16.03 g, 95%): [a]^ - -116.32 • (c = 0.31 , CHCI ) 'H NMR (270 MHz CDC.,) 
(Rotamers) 5 6.70 (s, 1 H), 6.28 (s, 1 H), 4.51 -4.49 (m, 1 H), 4.36-4.34 (m, 1 H), 4.06-3.77 (m, 1 0H) 3.61 -3.50 (m 3H), 
2.23:2.21 m, 1H) 2.01-1.98 (m, 1H).0.B9 (s, 9H), 0.04 (s, 6H), «c NMR (67^ MHz. CDC, 3 ) (*«) 70.2, 
151 5 141 2 140 5 112.2, 112.0. 101 .1 , 70.4, 62.6, 59.0, 56.9, 56.6, 55.8. 35.7, 25.9 and 25.7, 18.2 -5.4 ™ 
MS (E, mJ(rela1ive intensity) 412 <M- + 2, 3), 411 (M + " + 1 , 10), 410 (M-. 32), 354 (6), 353 (23) , 263 3) 212 (5) 
181 (11 180 (100), 179 (3), 65 (3). 164 (6), 152 (10), 137 (4), 136 (4), 125 (5), 120 (3), 100 (3), 94 (6), 75 (9), 73 
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™ ^ ip , rHrl v , bh 2 q 5 3 2 930 2857 1623, 1594, 1558 ; 1517, 1464, 1435, 1404, 1260, 1234, 1215, 

( 1?75 Vm, 1060 Tot Z% 777, 755 666 cm- exact mass ca,cd for 0 M O 5 S m/e 410.2237, obsd ^ 

410.2281. 

( 2 S)(4^-N-[{2-Allyloxycarbonylamino)-4,5-di m ethoxybenzoy^-2-(fe^^butyldimethylsilyloxyrnethy^)- 
4-hydroxypyrrolidine (37) 

roi 411 A solution of the amine 36 (1 6.03 g, 39 mmol) in CH,CI 2 (450 mL) was cooied to 0°C (ice/acetone) and treated 
[ ?k h J « q d ml s 78 a 85 8 mmol) A solution of ally! chloroformate (4.35 mL, 4,94 g, 40.95 mmol) in CH 2 CI 2 
rimqwLt en^ded d o^iS iotr^mixture. Th Jeaction mixturewas aHowedto warn, to room ternper = 
(OumLj was inc k (EtOAc) revealed complete consumption of amine 36. The reaction 

ev ap„„„.0 *, ™ T te cud. residue was pu*d uy «« , c«g,ap , (35* f^^O 

St 4). 223 15), 220 11,. 2,2 (7), 203 ,4). 207 (11), 206 ,73), ,22 (5), ,80 20 u, 7. ,8), 174 

cxacl mass calcd for C 24 H 38 N 2 0 7 Si m/e 494.2448, obsd m/e 494.2365. 

(2S )-N-«2-Allyl<«ycarl»^ 
4-oxopyrrol.dine (38) 

[0142] A solution of DMSO (7 24 mL, 7.97 g, 102 mmol) in CH 2 Ci 2 (150 ^^^^S^ "en 
solution of oxalyl chloride (25.5 mL of a 2.0 M solution in CH 2 CI 2 , 51 .0 mmol) at -^ C <^ C ^^. 
-sphere. aL s g at -50 ; C for 1 hour, a sCu. , ; ™- 3 7 (1 a7 ,3.9 mm £ in JW^J 

TEA (322 mL°23 Tq °231 S ^ 2 «d to warm to room temperature. The reaction mixture 

waC. eated wtth brtn^ (250 mL) and washed with cold IN HCI (2 X 300 mL). TLC (50% EtOAc/Petro.eum Ether) ^analysj 

SSSBKS - ,74, 7 £ £J SB 2 S— ^ S 30 ,3, 2 22 07) 220 

3019.2954. 2932, 2858, 1766, 1 732, 1 623, 1603, 1520, 1464, 1398, 1362, 1332 1313 1287, 12b^ ^ ' 
1052, 1038, 1004, 938, 870, 838. 810, 756, 666, 621, 600 cnrL exact mass calcd for C 24 H 36 N 2 0 7 Si m/e 492.2.2 . 
obsd m/e 492.2349. 

2S)-N-(2-Allylox yC arbon V tamino)-4,5-dimethoxybenzoyl]-2-(terf-b U tyfdimethylsilyloxymethy1)- 
4-(methoxycarbonytmethyt)-2,3-dihydropyrrole(39) 

T01431 Petroleum ether (70 mL) was added to a sample of NaH (0.41 g of a 60% dispersion in oil 10.1 « """Ol) and 
[014JJ Koiroieum uiili ( /un , . |h m j x , ure was allowed to settle and the 

stirred at room temperature under a nitrogen atmosphere. After O.o hours the mix uro wa add edto 

P.30,u„,E,„4,«a»i™s,~ 

T^^SZSSSSXSX. 2^ , ~lo, ) in THF (00 o,) , nWJ^ « 

a ooiuiion oi niBii y y r r „„„,„ H ,„ n=r anri irpated droDwise with a so ution of the ketone 38 (2,0 

hours at room temperature, the mixture was cooled to 0 C and treated aropw se ROAc/Petroleum Ether) 

g, 4.07 mmol) in THF (36 mL) under nitrogen. After 16 hours at room temperature, TLC (20 /„ EtOAc/Petroleum , 
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revealed reaction completion The THF was evaporated in vacuo and the mixlure partitioned between saturated 
NaHCO, (100 mL) and EtOAc (1 00 mL). The layers were separated and the aqueous layer extracted wtth EtOAc (2 X 
100 mL) The combined organic layers were washed with H 2 0 (100 mL). brine (100 mL), dried (MgS0 4 ). filtered and 
concentrated in vacuo to give a dark red oil. Purification by flash chromatography (15% EtOAc/Petroleum Ether) fur- 
nished the endo-ester39 as a golden oil (1 .63 q. 73%): 1 H NMR (270 MHz, CDCI 3 ) (Retainers) 5 8.82 (br s, 1H), 7 86 
(s 1 H) 6 79 (s 1H), 6.46 (brsJH), 6.03-5.89 (m, 1H), 5.39-5.32 (m, 1H), 5.24 (dd, 1 H, J= 10.44, 1 .28 Hz), 4.70-4.59 
(m 3H) 3.99-3.61 (m. 11H), 3.08 (s. 2H), 2.91-2.82 (m, 1H), 2.75-2.66 (m, 1H), 0.92-0.79 (m, 9H), 0.12-0.03 (m, 
6HV 13 C NMR (67 8 MHz. CDCI 3 ) (Rotamers) 5 170.7, 165.8, 153.5, 151.3. 143.7, 132.8, 132.5, 128.2, 118.1, 118.0, 
117 9 111 3 104 3 65 7 62 3. 59.5 and 59.4. 56.4, 56.0, 52.0, 34.7, 33.9, 25.8. 18.1, -5.4; MS (El), m/2 (relative 
intensity) 549 (M 4 " + 1,7), 548 (M-, 17), 525 (13), 507 (14), 492 (6), 491 (18), 489 (8), 449 (7), 347 (11), 287 (6), 286 
(20) 285 (82), 265 (10). 264 (51), 263 (9), 244 (9), 242 (7), 228 (19), 227 (8), 226 (18), 224 (6), 223 (22), 220 (12) 
208 (6). 207 (18). 206 (100), 192 (7), 180 (18), 179 (21), 168 (16), 164 (10),152 (13), 150 (8), 141 (8), 140 (73), 139 
(13), 136 (6), 10B (6), 89 (9), 80(15), 75(15), 73 (19). 57 (6); exact mass calcd for C 27 H 40 N 2 O 8 Si m/e 548.2554, obsd 
m/e 548.2560 

(2S)-N-[(2-Allyloxycarbonylamino)-4,5-dirnethoxybenzoyl]-2-(hydroxymethyl)-4-(methoxycarbonyimethyl)- 
2,3-dihydropyrrole (40). 

10144] A solution or the silyl ether 39 (1 .63 g, 2.97 mmol) in THF (12.6 mL) was treated with H 2 0 (12.6 mL) and 
glacial acetic acid (38 mL). Alter 2 hours stirring at room temperature TLC (60% EtOAc/Petroleum Ether) showed the 
complete consumption of starting material. The mixture was cooled (ice) and treated dropwise with a solut.on of 
NaHCO, (61 6 g) in H 2 0 (61 6 mL) The aqueous solution was extracted with EtOAc (3 X 150 mL) and the combined 
organic layers were washed with H 2 0 (150 mL), brine (100 mL), dried (MgS0 4 ), filtered and concentrated m vacuo to 
qivo the crude alcohol 40 as an orange oil (1 .27 g, 98%): MS (El), m/z (relative intensity) 435 (M+- r 1 , 6),434 (M+ , 
23) 347 (5). 31 7 (4). 281 (6). 265 (8), 264 (44), 263 (3), 224 (5), 223 (24), 222 (5), 220 (9) 207 (15), 206 (94), 1 92 (5 , 
180 (18), 179 (18), 172 (12), 171 (100), 164 (12), 152 (7), 150 (7), 141 (6), 140 (53), 136(9), 112 (11), 108(6), 80(12), 
69 (7); exact mass calcd for C 21 H 26 N 2 O a m/e434.1689, obsd m/e 434.1606. 

(11S,11aS)-10-AI1yloxycarbonyl-7,8-dimethoxy-11-hydroxy-2-(methoxycarbonylmethyl)-1,10,11,11a- 
tetrabydro-5H-pyrrolo[2,1-c][1,4]benzodiazepin-5-one(41) 

r0145l A solution of DMSO (0.75 mL. 0.82 g, 10.5 mmol) in CH 2 CI 2 (22 mL) was added dropwise over 1 hour 20 
minutes to a solut.cn of oxalyl chloride (2.63 mL of a 2.0 M solution in CH 2 C! 2 , 5.26 mmol) at -45°C (liq.N^Chbroben- 
zene) under a nitrogen atmosphere. After stirring at -45°C (or 1 h, a solution of the alcohol 40 (1 .27 g, 2.92 mmol) in 
CH„CL (22 mL) was added dropwise over 1 hour at -45°C. After SOminutes at -45'C, the mixture was treated dropwise 
with a solution of TEA (1.71 mL. 1.24 g, 12.29 mmol) in CH 2 CI 2 (11 mL) over SOmtnutes at -45°C. After a further 
30minutes the reaction mixture was allowed to warm to room temperature and was diluted with CH 2 CI 2 (20 mL), 
washed with 1N HCI (100 mL), H z O (100 mL), brine (100 mL), dried (MgS0 4 ), filtered and evaporated in vacuo. TLC 
(80% EtOAc/Petroleum Ether) of the crude material revealed reaction completion. Purification by flash chromatography 
(55% EtOAc/Petroleum Ether) furnished the protected carbinolamine 41 as a white glass (0.68 g, 54%): [a] □ = 
-r219 78 " (C-0 12 CHCL); NMR (270 MHz, CDCI 3 ) 8 7.23 (s, 1H), 6.91 (s, 1H), 6.70 (s, 1H> 5 90-5.80 (m, 2H>, 
5 17-5 13 (m 2H) 4 70 (dd, 1H, J= 13.37. 5.31 Hz), 4.50-4.43 (m, 1H), 3.98-3.75 (m, 8H), 3.71 (s. 3H), 3.20-3.05 (m, 
3H) 2 75 (d 1H 2=1 7.04 Hz); 13 C NMR (67.8 MHz, CDCI 3 ) 5 170.7, 163.3, 155.9, 151.1, 148,5, 131 .7, 128.3, 126.2, 
124 7 118 1 117 6 112 6 110.6. 86.0, 66.8. 59.4, 56.2, 52.1 , 37.0, 33.7; MS (El), m/Z (relative intensity) 434 (M- + 
2 6) 433 (M- + 1 21) 432 (M-, 74). 414 (8). 373 (14), 329 (7), 293 (20), 292 (20), 265 (19), 264 (100), 263 (33), 
248 (25) 224 (6). 223 (25). 220 (14). 209 (8), 208 (52), 207 (24), 206 (92), 192 (15), 191 (6), 190 (7), 180 (18), 1/9 
(23). 169 (23). 165 (10), 164 (17), 152 (12), 150 (14), 149 (8), 141 (9), 140 (60), 136 (11), 125 (6), 120 (5), 110 (8), 
108 (15), 81 (9), 80 (45), 57 (7): IR (CHCI 3 ) 3385 (br), 2918, 2849. 1707. 1625, 1605, 1516, 1457, 1436, 1405, 1311 , 
1282, 1245, 1217, 1172, 1116, 1046, 1001, 968, 933, 874, 655, 666 cm" 1 . 

(11aS)-7,8-Dimethoxy-2-{methoxycarbor>y!methyl)-1 ,2,3,1 1 a -tetrahydro-5«-pyrrolo[2,1-c][1 ,4]benzodiaze P in- 
5-onc (42, UP2065, AN-SJG) 

[0146] A catalytic amount of tetrakis(triphenylphosphine>palladium (44.0 mg, 38.0 umol) was added to a stirred so- 
lution of the Altoc-protected carbinolamine 41 (0.66 g, 1 .53 rnmol), tnphenylphosphine (20.0 mg, 77.0 pmol) and pyr- 
rolidine (114 mg. 1 .60 mmol) in CH 2 CI 2 (100 mL). After 2 hours stirring at room temperature under a nitrogen atmos- 
phere TLC (99% CHCL/MeOH) revealed the complete consumption of starting material The solvent was evaporated 
in vacuo and the crude residue was purified by flash chromatography (98% CHCL/MeOH) to afford the PBD (42, 
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N10-C11 m ne form (481 mg. 95%). [a)^ D = +401 .«4 ic - i-^^n 3/ * , 7d/ . - m 3 34 (cJ 1H j 

= 16.85 Hz) : 3.24 (s.^M) J.^ -'^ rr . j. 33 6 MS (El) m/z (relative intensity 332 (W + 2, 5), 

(CHCI 3 ) 3329 (br), 3112, 2952, 2842, 1737, 1626, 1602, 1512 1453 1436, 1381, 1356, 1246 m/G330 . 12 37. 
1008, 875, 840, 7B6, 666, 620, 574, 537 cm 1 : exact mass calcd for C 17 H 18 N 2 0 5 m/c 330.12Tb, oosa 



Exan^lejj^S^thesiS of KEC-570 (56, UP-2 053) (seeFjgureS) 



[0147] 





1". 3'-Bis(4-carboxy-2-methoxyphenoxy)propane (43) 

/„ -, n on7mmni\inTHFfS0mLl was added dropwise over a period of 4 hours 
101481 A solution of di.odopropane 8.79 ^297 mmol) <n THF 50 mL , wa P NaOH (225 mL, 0.5 M) 

,o a vigorously stirred solution of vanillic ac.d I (1 0 g. 5£5 mmoO » >™ 0 > J ^ ^ sjon was 

at65»C in the absence of light (foil-wrapped flask). After heatln 9 dt rot ™ 4 ° Jhe ous residuG was 

cooled, washed with hexane (3 x 1 00 mL) and the THF dr"d and recrystaHised from glacial 

acidilied to P H1 with cone. HCI and the resultant precipitate collected b 'f^'™^ s ^ id (q 4 84%) . mp 
) acetic acid to alford the corresponding bis-carboxylic acid (143) as a white onret alme»ol« f**-* >^ 
238 240°C: 1 H-NMR (DMSO-d.): 8 2.23 (t, 2H. J = 6.0 Hz, HI .3^80 (. BH. CH 3 0). 4 .2 ft 4H J - - 6. H ^12) 
7,09 (d, 2H, ^ 8.4 Hz, H10), 7 -45 (d 2H, J = T8 Hz H6) £4 (dd 2H C J 0 , 12 ( 3 .0( Q) ; 

CQ 2 H) ; "C-NMR (DMSO-d 6 ) 6 28.4 (C13), 55.4 (CH 3 0)^8 (C 12), 1 1.9 (C9M I >. 

(100): HRMS: Calcd for C 19 H 20 O 8 - 376.1158 found 376 1168. 
V ,3'-Bis(4-carboxy-2-methoxy-5-nitrophenoxy)propane (44) 

* *m The ~* 43 ,2.0 g . 5.30 ™o„ *ae added p«« jjo ^^SSS5 
temperalurc over 12 h. The reaclion mndure w»s poured on to .oe (40C I mL) and in. .reel, gp „ 
,,„„,„„. wanned wlh e,oe, (3 x 50 mL) and dried »- ^ CH of" (< 4H J - t» Hz. H12), 

" „ 2 8 9 0 S ,C 9 >: ^iKW^W 14,', U «1 m ~> <~> . .B <K B* . M 3 o ~ V™ 
(CO). 1595 (CO), ,570. ,5,5 <N0 2 >, ^^aj "S'). . 378 J.), 258 , ). 255 (4). 236 

S. ^ W «' ,1 00, HRMS lE „ ^ — 10, 

50 C 19 H la N 2 0 12 - 466.0860 lound 466.0871 . 

(2S,4R)-W-(Ben20xycarbonyl)-2-carboxy-4-hydroxypyrrolidine (45) 

, t,, * , Blo ,,5i;ml «7 7 rnLI in toluene (40 mL) was added lo a solution of trans- 
[0 150] A solution of benzyl chloroforrnate <1« , mL, 87_7 mL .n tolu I > q( 1 
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excess solvent evaporated in vacuoto afford a colourless viscous oil (20.30 g, 100%), [a] 27 D = - 565° (e0.1 , MeOH). 1 H 
NMR (CDCU): 5 2.07-2.31 (m, 3H. H1), 3.52-3.59 (m, 2H, H3). 4.43-4.53 (m, 2H, H2, H11a),5.8 and 5.11 (s, 2H, minor 
and major rotamers of H6. 1:2). 6.0 (bs, 2H. OH), 7.26-7.29 and 7.32-7.34 (m, 5H, mine, and major rotamers of H 
arom, 1:2). IR (thin film): v = 3414 (OH), 2940 (OH). 1682 (C=0), 1495, 1429, 1359 (C0 2 ] ; 1314, 1269 1205 1180 
5 1174 1127 1082 1051 993 914. 866. 826, 769. 741, 697 cm4 MS (El): rrVe (relative intensity): 266 (M 4 \ 1), 265 
(6) ; 220 (5), 176 (15), 130 (34), 108 (2). 91 (100), 86 (4), 68 (11). HRMS calcd. for C 13 H 15 NO s - 265.0950 found 
265 0976 

(2S,4R)-W-(Benzoxycarbonyl)-2-methyoxycarbonyl-4-hydroxyproline (46) 

[01511 A solution of (2S,4R)-N-(Benzoxycarbonyl)-2-carboxy-4-hydroxypyrro!idine (45) (20.30 g, 76,3 mmoi) in dry 
methanol (300 mL) was heated al reflux for 18 hours in the presence of a catalytic amount of cone. H 2 S0 4 (2.20 mL, 
7 63 mmol). The reaction mixture was allowed lo cool to room temperature and neutralised With Et 3 N (3.0 mL, 76.3 
mmol) The reaction mixture was concentrated in vacuoand the residue redissolved in ethyl acetate (200 mL), washed 

75 with brine (1 x 50 mL) dned (MgS0 4 ) and excess solvent removed under reduced pressure to afford a colourless gum 
(21 17 g 99%) [ap D = -59.4" (c 0.01 4. CHCI 3 ). ^H NMR (CDCt 3 ) : 5 2.04-2.08 and 2.24-2.35(m, 1H, rotamers of H1, 
11) 2 64 (bs 1H OH) 3 54 and 3.74 (s, 3H. rotamers of OMe, 1:1), 3.66-3.69 (m, 2H, H3), 4.47-4.50 (m, 2H, H2, 
H1 1 a) 5 07-s' 1 3 (m 2H. H6) , 7.26-7.35 (m, 5H, H arom). 13 C NMR (CDCI 3 ): rotamer ratio 1:1,5 37.8 and 38.5 rotamers 
of <C1) 51 8 and 52.0 rotamers of (OMe). 54.1 and 54.7 rotamers of (C3), 57.4 and 57.7 rotamers of (C2), 66.9 and 

20 67 0 rotamers of (C6), 68.6 and 69.3 rotamers of {C1 1a), 127.0, 127.3, 127.4, 127.7, 127.8, 128.0 and 128.1 rotamers 
of (Carom) IR (thin film): v = 3435 (OH), 3033, 2953 (OH), 1750 ( ester), 1680 (C=0), 1586, 1542, 1498, 1422, 1357 
(CO H) 1170 1124 1 084,1 052 (C-O), 1004. 963, 91 6. 823, 770, 750, 699, 673 cm-T MS (FAB) m/z (relative intensity): 
280 (M- 24), 236 (20), 234 (4), 216 (8), 214 (4), 213 (2), 206 (2), 204 (7), 203 (4), 202 (10), 201 (2), 181 (5), 144 (16), 
102 (23), 91 (100). HRMS calcd. for C 14 H 17 NO s = 279.1107found 279.1192 
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(2S,4fl)-W-(Benzoxycarbonyl)-2-hydroxytnethyl-4-hydroxyproline (47) 



mi 521 Lithium borohydride (1 .57 g, 73 mmol) was added portionwise to a solution of (2S,4R)- N-(benzoxycarbonyl)- 
2 methyoxycarbonyl-4-hydroxyproline (46) (20.17 g, 73 mmol) in THF (350 mL) at 0"C The reaction mixture was 

30 allowed to warm to room temperature and stir overnight. The resulting suspension was cooled to 0"C and quenched 
with water (2-3 mL) until effervescence ceased, at which point 2 M HCI (15 mL) was added to dissolve the precipitate. 
The product was extracted with ethyl acetate (3 x 150 mL) and the combined organic phases washed with brme (1 x 
100 mL) and then dried (MqS0 4 ). Concentration in vacuo afforded a white gum (18 .25 g, 100%). [a]-* d D = -«M -[L. 
- 0 043 CHCU). 1 H NMR (CDCi,) : 6 1.24-1 26 (m, 1H, H1), 1.73-2.08 (m, 1H, H1), 3 40-4.30 (m, 6H, H2, H3 H11, 

35 H11a) 5.06 (bs, 1H, OH). 5.09 (s, 2H, H6) 7.25-7.31 (m, 5H, H arom). **C NMR (CDCl 3 ): 6 36.7 (CI), 55^2 (C3) 58.7 
(C2) 65 0 (C11), 67.0 (C6). 68.7 (C11a), 127.0. 127.5 (C arom), 127.8 (C arom), 128.2 (C arom). IR (thin Mm). v = 
3390 (OH). 3065,3033. 2953 (OH), 1681 (C=0 carbamate), 1586, 1538. 1498, 1454. 1192, 1122, *™-™4y*f-J™- 
698. 673 cm" 1 . MS (FAB) m/z (relative intensity): 252 (W, 58), 208 (33), 176 (5), 144 (6), 118 (8), 116 (7), 92 (13), 
91 (100). HRMS calcd. for C 13 H 17 N0 4 = 251.1158 found 251 .1 230. 

40 

(2S,4R)-W-Benzoxycarbonyl-2-f-butyldimethylsilyloxymethyl-4-hydroxypyrrolidine (48) 

[01531 f-butyldimethy!s,lyl chloride (5.78 g, 38.3 mmol) and 1 ,8-diazabicyclo[5,4,0)undec-7-ene (1 44 mL, 9 6 mmol) 
were added to a solution of alcohol (47) (12.51 g, 49.8 mmol) and triethylamine (7.0 mL, 49.8 mmol) in dry DCM (200 

45 mL) which had been allowed to stir for 1 Sminutes at room temperature. The resulting mixture was allowed to stir at 
room temperature for 18 hours and then diluted with ethyl acetate (300 mL). The organic phase was washed with 
aqueous saturated ammonium chloride (2 x 100 mL) and brine (1 x 100 mL) dried (MgS0 4 ) and the solvent removed 
under reduced pressure to yield a colourless viscous oil (9.84 g, 70%). [«f = \ = -263= (c 0.70, CHCI 3 ). JH NMR 
(CDCU) 5 -0 05 and -0.06(s. 6H. rotamers of H1\ H2', 1:1), 0.83 and 0,85 (s, 9H, rotamers of H3', H5 H6^ 1.1) 

so 1 .95-2 22 (m. 2H, H1,), 2.78 (bs. 1H, OH), 3.44-3.68 (m, 3H, H3, H11), 3.99-4.10 (m, 1H, H2). 4 ^46 <m, 1 K H11a) 
5 11-5 16 (m 2H H6) 7.34-7.35 (m,5H. Harom) ia C NMR (CDCI 3 ): rotamer ratio of 1 :1 , S 5.50 <C3 , C5 , Cb ), lti.io 
(C4) 25 83 (C1\ C2'), 36.55 and 37.27 rotamers of (C1), 55.2 and 55.7 rotamers of (C3), 57.3 and 57.8 rotamers ot 
(C2) 62 8 and 63.9 rotamers of (C11), 66.6 and 67.0 rotamers of (C6), 69.7 and 70.3 rotamers of (C11a), 127 .8 (C 
arom) 127.9 (C arom). 128.0 (C arom), 128.4 (C arom), 128.5 (C arom), 136.5 and 136.8 rotamers of (C7% 549 

55 and 155.2 rotamers of (CS). IR (thin film): v = 3415 (OH), 3066, 3034, 2953 (OH), 2930, 2884, 2857, 1703 C=Q 
carbamate). 1587. 1498.1424, 1360(C-CH 3 ), 1238 (CH 3 Si). 1 255 (f-Bu), 1 220, 11 95 (MSu). 1 11 3 (Si-O , "^7 1003, 
917, 836, 774, 751, 698, 670 cm" 1 . MS (EI/CI) m/e (relative intensity): 366 (M*". 100), 308 (14), 258 (2), 91 (2). 
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(2S 4BJ-2 -f-butyldimethylsilyloxymethyl-4-hydroxypyrrolidine (2) 

[0 154, Asiurry of 10% Pd/C (190 m 9 ) in ethy, acetate (20 ml) ««^' d p *^ 

l q 5 ?9 mmol) Methanol (1 00 mL). The reaction fixture was ^^^^^^d pressure to give a 
Loved by vacuum filtration through Ctftte -an excess ^ J*J NMR (CDCI 3 ), 6 -(0.07-0.08) (m. 

yellow oil in quantitative yield (1 .20 g, 100%). [a?^ D - +35.6 c w 3> 3H mig H3) 

Ih.H1-.H2-). 0.82 (3 l gH,H3-,H4-.HSrj.1 6M.ra(m 2H H1J ■ "^y^ 2 ^, C6>); 18 , (C4 1 ), 25.8 (CI', 

4.09 (bs, 1H, NH or OH), 4.32 (bs, 1 .H NH oi °»Y ™ (CDCW £ * ( , ^ ^ ^ 

f^CH^ 

232 (M-. 100). 230 (13), 174 (5) : 133(6), 86 (6). 

11HHPr opan e -1,3-d iy »dioxyl^ 
butyldimethylsilyloxymethyl-4-hydroxypyrrolidine (49) 

[01 S5, A catalytic amount of OMF (2 drops) was added to a < f^^^^^^^^Z 
Lol) and oxalyl chloride (0.94 mL, 10 70 - ^^f^^TZue was dissolved in dry THF (20 mL) and 
4 h Alter evaporation of excess THF in vacuo, the resultant yellow res ^ ^ 

added dropwis'e over a period of 25minutes to a h en allowed to warm to room 

(2.50 mL, 17.9 mmol) and ice/water (0 6 mL the residue was diluted with water 

emperature for a further 1 5 h. After removal of the ^^^Jp,^ wa s washed with water (3 x 25 

(100 mL) and extracted with ethyl acetate (3 x 100 mL). T ^ combined orgamc p ^ ^ ^ pM 

mL) and brine (3 x 25 mL), dried (MgS0 4 ), and the ^.^^^^^ Jid (2.05g, 54%). - - 

by flash chromatography (3% MeOH/CHC, 3 ) tc > afford th » b » J"^^^^., H5 ', H6"), 1 .96-1 .99 (m, 2H, HI). 
993° (cO.033. CHCI3). NMR (CDCI 3 ): 5 -0.05 (s HI , H2 ) 0_80 (a 1BH , g ^ ^ 

2 14-2.16(m, 2H, H1), 2.19-2.24 (m, 2H, H13), 2.85-2.89 (m , 2H H2 3 16 OH); 5.20-5.25 (m. 2H, HI la), 

3 81 (s. 6H, OUe). 3.99-4.10 (m, 2H, H3), 4.23^ , =53 MJ. 4 M (bs 2H ^ ^ ^ 
6 65 s 2H, H6),7.55 (., 2H, H9). C9), ^8.2 (Q), 137.2 (Q). 
36.1 (C1). 54.9 (CH3O). 56.6 (C4), 57 3 (C12 ,65.0 C3). 70X C2) 108. ^ , , J577(Carom} , 152 4 

148.1 (Q). 148,5 (Q). 154.5 (O), 166.5 (Q). 'R^'^^f^S" ^4 (f-Bu) 1075 1053, 1004, 933, 914, 837, 
(N 0 2 ) 1459, 1432. 1381, 1338 (C-CH 3 ), 1278 (CH 3 -S, 121 ^-Bu>, I ^ ^ 878 (6) , 835 (2), 779 (9). 761 (6), 
778 724 668 649 cm^, MS (FAB) mlz (relative intensity) : 894 (M • B) B93 (19), 
517 (3? 459 (5), 258 (7). 100 (3), 86 (4), 75 (29), 73 (100), 59 (17), 58 (6). 

! lMB p ro p.n*1.W^^ 

butyldimethylsHyloxymethyl-4-hydroxypyrrolidine (50) 

to(a , on m , ^ was added to a solution of the bts-amide (49) (1 .55 
[0156] A slurry of 10% Pd/C (155 mg) .n ethyl "^^^^J (Parr apparatus) for 16 h. The reaction 
q 1 73 mmol) in ethanol (100 mL). The reaction mixture was ^9°"™ e ° £ ™ un to qi ve a yellow oil (50) in 
fixture was filtered through Celite and the solvent was removed under reduced pressure to g y ^ ^ 
qu antitative yield (1 .44 g. 100%). 1H .NMR (CDC. 3 , 8 0 00 ( J " g). 0."^ ^ ^ ^ ^ ^ ^ 
(m, 6H. H1, H13), 3.50-3.72 (m. 12H. H2, H3. H11, HI 1a), 3.74 I ^ ^ ^ (Cr) ^ 

4H, H12), 4.49 (bs, 2H, OH); 6.23 (., 2H. W^g^™ ^ too (W- 1°2.2 (C9). 112.6 (C6), 140.4 (Q), 
(C3-, C5', C6'). 29 6 (C19).35 .2 (CI). 56.7 (CH3O), 62^2 (04)^1 (C3 ) /0 .0 ( ^ ^ ^ 

1411 (Q), 150.6 (Q), 170.1 (Q), IR (neat): v = 33 5 9 OH) 2929 285 6 1621 C > ^ ^ ^ ^ ^ ^ 

— 232 <*>• 206 (22) ' 192 (14) 176 (,3, • 

166 (44), 150 (8), 100 (10), 73 (100). 

1 r. [[ (Pro P ane.1,3-diyl)dioxy]bis [ 2- a mm 0 .N-al.y)oxycarbony -5-methoxy ,4 pheny 
4R)-2-f-butyldimethy1silyloxymcthyM-hydroxy- P yrrol l dine (51) 

/i mm! 1 ^ 60 mmol) in dried DCM (1 00 
[01 57] A solution of the bis amide (50) (2^3.31 mmol) an ^^^'^ dropwise and the .suiting 
mL) was cooled to 0°C. Ally! chlorof ormate (0.80 mL 7.53 mmol) ,n K ^ ^ ^ mL} 
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H*. H5", H6-). 2.03-2.36 (m, 6H, H1 . H13), 3.51 -3.BB (m , 6H, H2, H3), .77 ^ 6H, 0£> 4. 20^2 (m 8H. H1 . H«J. 
4 28^4 30 (m. 2H. H11a). 4.56-4.60 (m. 6H, H8\ OH). 5.25 (dd, J, ^ 1 .5 Hz. J, a = 15^0 Hz 4H, H10 J^ 0 ^ 5 ^' 
H H9') 6 73 f 3 2H, H6). 7.63 (s. 2H. H9), 3.80 (s. 2H, NH). *C NMR (CDCI 3 : 5 -6.42 ! <C1 w2 <C3 C5 

(*-Bu), 1106 (f-Bu), 1053, 1015, 936 ( 872, 837 ; 775, 629 : cm" 1 . 
1,^ m p ro| *ne^ 

2-t-butyldimethylsllyloxymethy1-4-oxo-pyrrolidme (52) 

■ t. /o nn m i 9R r mmnh in clrv DCM (20 mL) was added dropwise over a 
T01581 A solution of dimethyl sulphoxide (2.10 mL, 28.b mmol) in ary uoivi / 

SJ„ po. r r ^^^^^^^^^^^^ 

35minutes. a solution of alcohoU51)(2.54g > ^.wmmoijin uoiw h , mmr j\ , n DCM {20 mU was 

to the reaction mixture at -45°C. After 45m,nutes a solution of l f h V'™ 

added over a period ot 1 5m,nutes and the reaction mature sUrrec I at -4 , G for 3«es ^before w g 
temperature over 45minutes The mixture was then washed wrth 1 M CuS0 4 (3 x 5 mL) . » r (2 
(1 x 50 mL) before drying (MgS0 4 ) and concentrating in vacuo to g.ve (52) as a ye»ow sow ££>9' 

110.7 (C6) 118 2 (C10'), 132.4 C9'), 150.7 (Q), 153.5 (Q), 169.1 <UJ, \ , \ , 

2B56 1765 (Alloc C=0), 1730, 1624 (0=0), 1602 (C-O), 1522 (C arom), 1468, 1407, 1332, 1259 (CH 3 S,>, ( 
Bu), 1105 (f-Bu), 1053,1010, 937, 870,837,808,778, 674,657 cm" , 

a^-bityldimethyJsilyloxymethyl-A-methoxycarbonyl m ethyl-2,3-dihydropyrrol e (53) 
,0159] A-oMonofdltfliyh^ 

of NpH (343 mq 4 21 mmol, 60% dispersion in mineral oil. washed with petroleum ether) in dry THF (MmL at O C 
^^gen atmosphere After sLng at room ~^^~^S^ to 1 S SIS 
2.00 mmol) in THF (50 mL) was added dropwise at 0°C. The reactio ' ^^^^/^d ° an ^ bath before adding 
over 18 h. Excess THF was removed under reduced pressure and the ^^J^ wLhed with BOAc 

NaHC0 3 (50 mL) followed by BOAc (50 mL). The layers were ^^J^^^!^^^ remoV ed 
(2 x 50 mL). The combined organic layers were washed wrth ■ bnne (1 x 50 mL) * as a ye „ ow 

/„ vacuoto give a yellow oil. Flash column chromatography (2.5% ^OH/CH^cy afforded me proa ( > Y 

(39), 57 (53). 

, ! v-[l<Pro P ane-1>dWi)dioxy]b is [2^ 

2-h y drox y meth y l-4-methoxycarbonylmcthyt-2,3-dihydropyrrole (54) 

[0 160] Hydrofluoric acid.pyridine complex (3.5 mL) was added to a solution of di ^"^^^ 
„ THF (1 0 mL, under a n,trogen atmosphere at 0-C. The reaction was allowed ^^HCO uT^l^ CQ 2 
s to warm to room temperature over 1 h The reaction „ « — J ^^^m^nd t nTried (MgSO,) 2 
ceased. The product was extracted with DCM (3 x 30 mL) wasnea wi n d k (CDCI 3 ): ft 
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( s, SH. HIS, 4.2B-4.34 (m, 4H. H12, 4.62 <d .,-5.6 "-^^^ft ^ 2R NH^C NMR 
5.96-6.02 (m. 2H, H9'), 6.39-6.50 (m, 2H. H3), 6.80 (s, 2^6,772 S, 2H, H9) ^ s ' ■ J } „ 8 „ 

6 28.8 (C13, 33.5 (C14), 35.5 (C1>. 52.1 (CH 3 0)^ 56 i.6 (C16) 65.3 (C12, 66 .0 C8 V 05^6 >, ^ 
(CIV). 128.1 (C3, 132.5 (C9>, 144.4 (Q), 151 .0 (Q) 153^6 (Q, 1 67 3 (Q) 170 7 (^'^ > ^ ^ MS B) 
1731 (ester), 1726 (Alloc C=0, 1606, 1525 (C 1467 1434 1358, ^ 1 °4 q 

(24), 80 (70), 73 (28) ; 57 (30), 

! ^(Propane- W^dioxy^ 

u i i k /n 97 ml i 82 mmol) in dried DCM (10 mL) was added dropwise over a 
[0161] A solution of dimethyl sulphoxide (0.27 mL, 3.82 mmoij n or v 

ISminutes pened to a stirred, eooled (-45°C) solujien of oxa y chlonde (0 1 mL 1 « J er g pe J rjod of 

35m t nutes, a solution o, substrate (54) (600 mg ^ ^^^e (0,8 ml 5,2 mmo.) in DCM 

15minutes to the reaction mixture at -45 C. After 4bminui fc s . _ 45 o C for 30 minutes before being 

(1 0 mL) was added ever a period ef 1 ^ejj he react, n * ^ 46^ ^ ^ ^ ^ 

anewed to warn, to room temperature ever 45m nm e s_The mixture ^ (MgS04) apd 

separated. The organic layer was washed with 1 M HCI (3 5C irn^J v 57 
concentrating /« vacuo. Flash column chromatography (1 5% MeOH/C H 2 ) affo, a c _y u 4j _, 
[a]2 o, D . +6 ,> (c 0.484, CHCI3, \H NMR (CDC,, 5 2 .35-2. ^^£^^J. 4 ,2 (m, 4H, H8,. 
H14). 3.71 (s, 3H, OW!e), 3.88 (s, 6H, H16) 4 21-4.40 <m . 4H H12) ^ I 6 . 75 - 6 .80 (m, 2H, H3), 6.89 (s. 2H, 

5 26-5.30 (m, 4H, H10', 5.77 (d, J= 8.61 Hz, 4H H11) 5.90 5_96 (m 2H H9 h ^ ^ } 

H9), 7.22 (S, 2H, H6). 13C NMB (CDCI 3 ): 5 28.8 (CIS , 33* ^^ { ^^ B * 0 \ o) ^ M (Q), 167.3 (Q). 
r 66,0 (C8'>, 105.6 (C9), 111.8 (C6), 118.1 ^0') ^ \ ^ !n oc O -oi 1644 1421 . 1362. 1273, 1223, 1092, 902, 
170 7 (Q). IR (neat): v = 3583, 3412 (OH), 1730 (ester). 1713 (A loe C f)£™-'£' ' 6) 218 (13) . 206 (23), 

l ',3,11a-trihydro-5H-pyrrolo[2,1-c][1,4]bezodiazepin-5-one (56) 

l0162] A catalytic amount et 1*"*-.*^ 
15 of carbinoiamine (55) (219 mg ; 0.25 mmo!), tnphenylphospnine mg, ' 

inn allowed to warm to room 

mmol) in dry DCM (30 mL) at 0°C. The reaction mixture was *^^ 2 ^~™^ ted to 9 flash column chromatog- 
temperature over 1 h. The solvent was removed „ vacuo a d the re due wa Q43 CHC NMR 
raphy (2% MeOH/CH a CI 21 R,= 0.25) to yield a yellow glass ( 09 ^ g q1 (s 6H . H 16), 4.26-4.30 (m, 

(CDCl 3 ): 6 2.17-2.42 (m, 2H, H13), 3.15-3.32 (m, 8H HI, H14) 3. 73 (s 3H OMe) ^ l , ^ 
« BH. H12, H11.),6.84 (s, 2H, H9), 6.92-7.06 (m, 2* H3), 747 £2H ,H6) 7.83 (d^ J « . I g 

(CDCI 3 ): 6 28.7 (C13), 33.6 (C14), 37.4 (CI ) 52 .2 CH3O, 5 3^(C11 & W g16) IC ) ^ ^ 

26.5 (C3), 140.2 (Q, 148.0 (Q),151.0 (Q), 1614 (Q) 162 .6 (C1 la) 1 70 7_ Q) JR (no ) ^ ^ ^ 

1736 ester), 1717 (Alloc CO), 1628, 1596, ^^ ^^^ ^ 20I V), 185 (55), 181 (7), 110 (5), 
914 842, 753 cm- V FABMS m/z (relative intensity): 673 (M , 2), 2/9 (b), di v 
45 93 (100),' 91 (24), 75 (2B), 73 (20), 61 (12), 57 (33). 
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Example 1(g) : Synthesis of (lla^-l^la-dihydro-T.a-dimethoxy^ -et henyl-BH-pyrrolo^^-gin^] 
benzodiazepin-5-one (See Figures 6a/b) 

[0163] 

5 



10 




15 

DRH360 A/-(4,5-dimethoxy-2-nitrobenzoy1)hydroxyprolme methyl ester (169) 

[0164] Oxaly! chloride (15.38 g, 121.11 mmo!) was added in one portion to a stirred suspension of 2-nitro-4 1 5-dimeth- 
oxyben/oic acid (34) (25.01 g : 110.10 rnmol) in anhydrous DCM (100 mL) at room temperature, A catalytic amount of 

20 DMF (2 drops) was added (CARE! - increased gas evolution) and the reaction mixture was aHowed to stir for 16 hours 
under an inert atmosphere. The acid chloride solution was added dropwise to a vigorously stirred solution of the pyrroio 
C -ring (166) (34.90 g, 110.10 mmoi, JOC 5, 13, 1994, 3621) and TEA (45.95 mL, 33.36 g, 330.29 mrnol) in anhydrous 
DCM (100 mL) at 20° C. The reaction mixture was allowed to stir for 16 hours at room temperature. The reaction 
mixture was washed with saturated NaHCO a (2 x 200 mL), saturated NH 4 Ci (2 x 200 mL) : water (2 x 200 mL), brine 

25 (2 x 200 mL) and dried over anhydrous MgS0 4 . Filtration and evaporation of the solvent in vacuo afforded the crude 
product (169), which was purified by flash column chromatography using EtOAc as eluent. Pure fractions were com- 
bined and evaporation of excess eluent in vacuo afforded the product as a foam (33.26 g, 93.9 rnmoL 85%). 1 H NMR 
(270 MHz, CDCI 3 ) d 7,69 (s, 1H) f 6.87 (s, 1H), 5.31 (s, 2H), 4.97-4.82 (m : 1H) : 4.44 (br s, 1H), 3.99 (s, 3H), 3.98 (s, 
3H), 3.81 (s, 3H) S 3.54-3.48 (m. 1H), 3.18 (d. 1 H, J - 2 02 Hz), 2 87 (br s, 1 H), 2.45 2.16 (m : 2H); 13 C NMR (67 8 MHz, 

30 CDCI 3 ) d 172.6, 172.5, 167.5, 166.8, 154.4, 154.0, 149.3 r 137.5, 137.4, 127 0, 126.2, 109.5, 107.2, 107.1 , 69.9, 69.1, 
59.2, 57. 4 t 56.9, 56.8, 56.6, 56,4, 54.6, 53.5, 52.5, 52 .4, 39.4, 38.0. 

(1 1 aS)-6,7-drmethoxy-2(/?)-hydroxy~2 ,3,5,10,11 ,11 a-hexahydro-5,1 1 -dioxo-1 W-pyrrolo[2,1-c][1 ,4-] 
benzodiazepine (170) 

35 

[0165] 10% Pd/C catalyst (3.3 g) was added to a solution of 169 (33 0 g, 93.1 mrnol) in absolute EtOH (250 mL). 
The reaction mixture was hydrogenated under pressure using a Parr hydrogenator at 55 psi H 2 for 18 h. The reaction 
mixture was filtered through celite, and the ceiite washed with hot MeOH, taking care not to allow the filter cake to dry 
out. Removal of excess solvent afforded the crude product (20. 1 4 g). The crude product was allowed to stir in 1 N HCI 

40 (200 mL) and CHCI 3 (200 mL) for 30 minutes. The organic layer was washed with 1 N HCI (1 00 mL) and the aqueous 
layers were combined and neutralised with saturated aqueous NaHCO s . On leaving the aqueous extract overnight, a 
fine white precipitate formed (170) which was coflected by filtration and dried (7.81 g, 26.72 mmoL 29 %), 1 H NMR 
(270 MHz, CDCI3) d 10.06 (s f 1H, NH), 7.61 (s, 1H, ArH), 7.36 (s, 1H, ArH), 4.49-4.41 (m, 1H, 2), 4 22-4.17 (m, 1H, 
11a), 3.88 (s, 6H) S 3.82-3.55 (m, 2H, 3) s 3 20 (br s, 1H, OH), 2.8/ 2.77 (m, 1H, 1), 2.10-2 05 (m> 1H, 1); 13 C NMR 

45 (CDCI3) d 170.2, 165,9, 152.0, 145.7, 130. 7, 118,2, 111,9, 104.2, 68.1, 56. 0 : 55.6, 54.2, 34.6, 18.8. 

(1 1aS)-6,7-dimethoxy-2(R)-[( ferf-buty tdimethylsilyt)oxy]-2,3 T 5,1 0,1 1 ,1 1 a-hexahydro-5,1 1 -dioxo-1 W-pyrrolo 
[2>1-c]J1 ^-^benzodiazepine (171) 

50 [0166] Solid TBDMS Chloride (8.22 g, 54.44 mrnol) was added in one portion to a solution of 170 (7.23 g, 24.74 
mrnol) and imidazole (8.42 g, 123.72 mrnol) in anhydrous DMF (75 mL) and allowed to stir at room temperature for 16 
h.The reaction mixture was poured into water (500 mL) and tittered to afford the crude product (171), which was purified 
by recrystaitisat ion from EtOH (800 mL) as fine white needles (6.995 g. 17.21 mrnol s 70%). 1 H NMR (270 MHz, CDC! 3 ) 
5 10.06 ( Sl 1H, NH) r 7.37 (s, 1H ArH), 6.68 (s t 1 H, ArH), 4,19-4.14 (m, 1H, 2), 4.06-4.01 (m, 1H, 11a), 3.90 {s, 3H, 

55 OMe), 3.88 (s ; 3H r OMe), 3,69-3.63 (m, 2H, 3), 2.85-2.80 (m : 1H, 1), 2.05-2.01 (m, 1H, 1), 13 C NMR (67.8 MHz. CDCt 3 ) 
8 170.4, 170.2, 165.9, 152.1, 145.8, 145.6, 131 .1 , 130.7, 118.1 , 111 9, 104.3, 104 .1, 69 2, 69.1, 56.0, 55.9, 55.7, 54.3 r 
54 0, 35.0, 25.8, 25.7, 25.6, 17 9, 3.0, -3.5 S ^4.9, -5.0. 
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(11a^-6/7-dimethoxy-2(R)-I(te^butyld^ 

ethoxymethyl]-5,1 1-dioxo-1 H-pyrrolo[2,1 -c][1 ,4-]benzodiazepine (172) 

r0167] A solution of 171 (6.50 g. 15.99 mmol) in anhydrous DMF (27.5 mL) was added dropwise to a stirred suspen- 
s sion of NaH (0 422 g. 0.704 g of a 60 % dispersion in mineral oil. 1 8.34 mmol) al 0"C and the reaction mixture was 
allowed to stir for 30 minutes. A solution of SEM chloride (3.11 mL, 2.93 g, 17.59 mmol) in anhydrous DMF (5 mL) was 
added dropwise to the stirred reaction mixture at 0°C and allowed to stir at room temperature for 16 h. The reaction 
mixture was poured into water (200 mL) to afford a white precipilate, which was extracted with diethyl ether (4 x 300 
mL) The organic layer was washed with water (2 x 50 mL), brine (2 x 50 mL) and dried over anhydrous MgS0 4 , 
io Filtration and evaporation of the solvent in vacuo afforded the crude product, which was purified by flash column chro- 
matography using an 80:20 mixture of petroleum ethenEtOAc as eluent. Pure fractions were combined and evaporated 
in vacuo to afford the product (172) as a yellow oil (7.01 g, 13.1 mmol, 82 %). 1 H NMR (270 MHz, CDCl 3 ) o J 35 (s, 
1H ArH) 7 24 (s 1H ArH) 5 52 (d, 2H. J = 9.B9 Hz, SEM amino acetal CH 2 ). 4.65 (d, 2H, J= 9.90 Hz, SEM ammo 
acetal CH 2 ). 4.61-4.56 (m, 1H,2), 4.23 (dd, 1H, J = 4.40 Hz, 3.24 Hz, 11a), 3.94 (a, 3H, OMe), 3.92 (s. 3H, OMe^B 
15 ( m . 4H. SEM V CH 2 + 3), 2.86 (m, 1H, 1). 2.02 (m, 1H, 1), 0,98 (t, 2H, J= 8.25 Hz, SEM 2' CH 2 ) , OB8 . (« . SH. I BDMS 
t-Bu CH 3 ) 0 10 (s 6H. 2 xTBDMS SiCH 3 ), 0.03 (s, 9H, 3 X SEM S,CH 3 ); NMR (67.8 MHz, CUCI 3 ) 5 1 /0.0, 166.6, 
151.8, 147.1, 133.9, 121.5, 111.2, 105.5, 78.1 , 69.6, 67.0, 56.5, 56.2,56.1,53.6,35.5, 25.7, 18.4, -1.3, -4.8. 

(1 1 aS)-6,7-dimethoxy-2<ff)-hydroxy-2 ,3,5,1 0,1 1 ,1 
so 1 W-pyrroto[2,1-c][1,4-]benzodiazepine (173) 

[0168] A solution of 1 N TBAF in THF (19.58 mL. 19.58 mmol) was added to a stirred solution of 172 (7.0 g, 13.05 
mmol) in THF (50 mL). The reaction mixture was allowed to stir at room temperature lor 2 hours and diluted with DCM 
(200 mL) washed with water (2 x 200 mL), brine (2 x 200 mL) and dried over anhydrous MgS0 4 . Filtration and removal 
25 0 f excess solvent afforded the crude product, which was purified by flash column chromatography using 50:50 petro- 
leum etherEtOAc as eluent. Evaporation in vacuo of the pure fractions afforded the product (173) (5.9 g). H NMR 
(270 MHz. CDCl 3 ) 5 7.30 (s, 1H, ArH), 7.24 (s, 1H, ArH), 5.52 (d, 1H, J= 9.9 Hz, SEM amino acetal CH 2 ) 4.68-4.64 
m, 2H. SEM amfno acetal CH 2 + 2), 4.30 (dd, 1 H, J- 5.86, 8.24 Hz), 3.91 (s, 3H, OMe ), 3.90 (s OMe). 3.87 ^5 
m. 4H SEM V CH 2 r 3), 2.95 (dt, 1 H, J= 5.31. 13.56 Hz, 1), 2.17-2 08 (m, 1H, 1), 1 .02-0.93 (m, 2H SEM 2 CH 2 ), 
30 0.03 (s, 9H,3xSiCH 3 );13CNMR(67.8MHz,CDCI 3 )5 169.7, 165.9, 151.9, 147.1, 134.0, 121.1, 111.2, 105.5, 78.2, 
69.1, 67.1 . 56.5. 56.1, 53.9 34.9. 18.4. -1.3. 

(11aS)-6,7-dimethoxy-2,3 ( 5,10,11,11a-hexahydro-10-[2-(trimethylsUyl)ethoxymethyll-2,5,11-trio 
[2,1 -c][1 ,4-Jbenzodiazepine (1 74) 

35 

101691 Anhydrous DMSO (3.28 g. 41 .94 mmol) in dry DCM (20 mL) was added dropwise over 5 minutes to a stirred 
solution of oxalyl chloride (10.48 mL of a 2 N solution in DCM, 20.97 mmol) under a nitrogen atmosphere at -50' C. 
After stirring for Sminutess, a solution 173 (5.90 g, 13.98 mmol), in dry DCM (45 mL) was added dropw.se over 
45minutesutes to the reaction mixture, which was then stirred for a further 45minutesutes at -50 C. TEA (9.89 g, 9/ 8/ 

40 mmo!) was added dropwise to the mixture over 15 minutes followed by stirring for a lurther 15 minutes. 

F0170] The reaction mixture was left to warm to room temperature, diluted with H 2 0 (1 50 mL) and DCM (100 mL). 
The organic phase was washed with 1 N HCI (2 x 100 mL), water (2 x 100 mL), brine (2 x 100 mL) and dried over 
MgSO. Filtration and evaporation afforded the crude product (174), which was purified by flash column chromatog- 
raphy using 50:50 petroleum ether (40-60°):EtOAc as eluent. Evaporation of the pure fractions m vacuo afforded the 

45 product (4.33 g. 10.3 mmol. 74 %). 1H NMR (270 MHz, CDCI 3 ) 5 7.30 (s, 1H, ArH), 7.24 (s, IK ArH), 5^6 0 (d 1H, J = 
9 89 Hz. SEM amino acetal CH 2 ), 4.69 (d. 1H, J= 9.89 Hz, SEM amino acetal CH 2 ), 4.62 (dd, 1H, J = 9.89, 3^ : MZ 
11a) 4 26-4 19 (m 1H 3). 3.95 (s, 3H. OMe), 3.94 (s, 3H, OMe), 3.81-3.49 (m, 4H, SEM V CH 2 .■ 1 + 3), 2.82-2.71 
Z IF LI). 0.95 (t. 2H. J = 2.01 Hz, SEM 2 CH 2 ), -0.04 (s, 9H, SEM CH 3 ): «c NMR (67.8 MHz, CDCI 3 ) 5 206.8, 1 68.8, 
165.9, 152.4, 147.5, 134.0, 120.4. 111.1, 105.6,78.2. 67.2, 56.2, 54.3, 52.3, 37 3, 18.3, -1 .3. 

(1 1aS)-5,1 0,1 1 ,1 1 a-tetrahydro-7,8-dimethoxy-1 0-[2-{trimethyisilyl) ethoxymethyl]-2-[[<trif luoromethyl) 
sulphonyl]oxy]-5,11-dioxo-1H-pyrro1o[2,1-c]l1,4]benzodiazepine (175) 

r0171l Anhydrous pyridine (0.46 mL. 0.452 g, 5.73 mmol) was added in one portion to a vigorously stirred solution 
of 1 74 (2 0 g 4 77 mmo!) in anhydrous DCM (1 00 mL) and the mixture left to stir for 1 0 minutes at room temperature. 
Anhydrous triflic anhydride (1.25 mL, 1.48 g, 5.25 mmol) was added quickly, in one portion, and the reaction mixture 
was allowed to stir at room temperature for 4 5 h. The darkened, homogenous reaction mixture was poured into cold 
saturated NaHCQ 3 (200 mL) and the mixture was extracted with DCM (3 x 50 mL). The organic layers were combined. 
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washed with water (2 x 200 mL), brine (2 x 200 ml_) and dried over anhydrous MgS0 4 . Filtration and evaporation 
afforded the crude product, which was purified by flash column chromatography using 80:20 petroleum ether: EtOAc 
as eluent. Evaporation of the pure fractions in vacuo afforded the product (175) as a yellow oil (1 .79 g, 3.25 mmot. 68 
%). 1 H NMR (270 MHz, CDCI 3 } 6 7.29 (s, 1H, ArH), 7.23 (s, 1H, ArH), 715 (t, 1H. J = 2.01 Hz, H3l 5,53 (d, 1H, J = 
5 10.07 Hz, SEM amino acetal CH 2 ), 4.68 (d, 1H r J- 9.B9 Hz ( SEM amino acetal CH 2 ). 

(1 1 aS)"7,8-dimethoxy-2-€thenyl-5,1 0 ; 1 1 ,1 1 a-tetrahydro-1 0-{2-(trimethylsily l)ethoxymethyi)-5,1 1 -dioxo-1 H~ 
pyrroto[2,1-c][1 , ^benzodiazepine (1 76) 

10 [0172] A catalytic amount of tetrakistriphenylphosphine palladium [0] (4 mol%, 0.142 g, 0.1 23 mmol) was added to 
a stirred mixture of 175 (1 .69 g, 3.0u -mol), LiCI (0.39 g, 9.1 9 mmol), and tributytvinyltin (1 .16 mL, 1 .26 g, 3.98 mmol) 
in anhydrous THF (1 00 mL) and heaioo at reflux for 2.5 h. The cooled reaction mixture was diluted with DCM (1 00 mL) 
and the mixture washed with 1 0 % aqueous ammonium hydroxide (200 mL). The organic layer was washed with brtne 
(2 x 200 mL) and dried over anhydrous MgS0 4 . Filtration and evaporation of the solvent in vacuo afforded the crude 

'5 product, which was further purified by flash coiumn chromatography using a 80:20 mixture of petroleum ether:ElOAc 
as eluent. Pure fractions were combined and evaporation of the solvent in vacuo afforded the product (176) as a 
colourless oil (0.992 g, 2.31 2 mmol, 75.5 %), %), 1 H NMR (270 MHz, CDCI 3 ) 5 7.32 (s, 1 H, ArH) : 7.22 (s, 1 H, ArH), 
6.94 (s. 1H, H3), 6.51 (dd ; 1H, J~ 10. 62, 17.22 Hz, alkene CH), 5.51 (d, 1H, J - 10.07 Hz, SEM amino acetal CH 2 ), 
5 20 (d : 1H, J= 8 24 Hz, alkene CH 2 ) ; 5.15 {s, 1H, alkene CH 2 ), 4. 65 (d, 1H f J= 9.89 Hz, SEM amino acetal CH 2 ), 

20 4 54 (dd 1H : J = 3.30, 10.62 Hz, H11a), 3.90 (s f 3H ( OMe) : 3 89 (s, 3H h OMe), 3.82-3.60 (m, 3H ; SEM 1' CH 2 + H1), 
2.91-2 82 (m r 1H. H1), 0.96 (t, 2H, J= 8.42 Hz, SEM 2' CH 2 ), -0.04 (s, 9H, SEM CH 3 ); 13 C NMR (67,8 MHz, CDCI 3 ) 
S169 3. 161.8, 152.1 ,147.3, 133.8, 129.8, 126.0, 125.1 , 121.2, 115.1, 111.4, 105.9. 78.5,67.1,57.6,56.2,56-2, 29. 6, 
1B.4, -1 .34. 

25 (llaS)-1 t 11a-dihydro-7,8-dimethox^ ( 177 > 

[0173] Solid sodium tetraborohydride (NaBH 4 , 81 mg s 2.175 mmoS) was added in one portion to a rapidly stirred 
solution of 176 (101 mg : 0.233 mmol) in a mixture ol anhydrous EtOH (2 mL) and anhydrous THF (4 mL) at room 
temperature and allowed to stir for 4 h. The reaction mixture was diluted with water (5 mL) and extracted with CHCI 3 

30 (3x5 mL). The organic layers were washed with brine (10 mL) and dried over anhydrous MgS0 4 , Filtration and evap- 
oration afforded the crude product, which was stirred for 30 minutes with silica gel (0.25 g) in MeOH (5 mL). Excess 
methanol was removed by rotary evaporation, causing the crude product to be absorbed onto the silica gel. The plug 
of silica get was added to the top of a silica gel column and the product was purified by flash column chromatography 
eluting with a 60:40 mixture of petroleum ether: EtOAc. Pure fractions were combined and evaporation of the solvent 

35 in vacuo afforded the product (177) as a yellow solid (33 mg, 0.116 mmol, 50 %). 1 H NMR (270 MHz, CDQ 3 ) 6 7.86 
(d, 1H. J- 3 84 Hz, imineCH).7.50(s, 1H T ArH), 7.05 (brs, 1H, H3), 6.82 (s, 1H, ArH), 6.58 (dd, 1H f J = 10.62, 17.22 
Hz. alkene CH), 5.20-5.05 (m. 2H, alkene CH 2 ), 4.39-4.31 (m, 1H : H11a), 3.96 (s f 3H, OMe), 3.94 (s, 3H, OMe), 
3.39-3.12 (m, 2H. H1); 13 C NMR (67.8 MHz, CDCI 3 ) 6 162.7, 161.5, 151.9, 147.8, 140.4, 129.9, 126.9, 123.9, 118.9, 
114.4 S 111 .6, 109 8, 77.3, 56.2, 53.9, 33.7. 



Example 1(h) : Synthesis of (11aS)-1 ,1 1a-dihydro-7,8HJtmethoxy-2-(4-methoxyphenvi)-5H-py r rolo[2,1-c] [1,4] 
benzodiazepin-5-one (See Fig ures 6a/b) 
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(1 1a S )-7,8-di m ethox y -2.(4-metKoxy P h e ny l )- 5 .10,11,11a- t etrahydro-1 0 -(2-( t r i n l ethv, si .y l )ethoxym e t h v.)- 
5 i1<ttoxo-1H-pyrro!o[2,1-c][1 ^benzodiazepine (178) 

solution of vinyl triflate (175 - see example 1 (g» (715 , mg. 1 .29 mrno n u t i tetrakis(triphe- 

An aqueous solution of Na 2 C0 3 (2 N, 9.9 mL) was added followed by LiCL 17 I mg 4 85 m ^ » ^ 
nylphosphine)pa,ladlum(0) (5 mol%, 81 mg) and the mature .was „ .red I^ J of DCM (50 mL) V 

heating at reflux for 1 h. After concentration ,n vacua ^ ^ews^sp^ ^ 
aqueous 2 N Na 2 C0 3 (50 mL) and cone. NH 4 OH solution ( I mL) The aqueous afforded a residue 

ml) andthe combined organic extracts were dried over ^^"^^S;; r l ether:EtOAc. Pure f rac- 
which was purified by Nash column chromatography on s.hca gel eluhng wtth 6040 1 pe ro, ^ 

hens were combined and evaporation of the solvent " "f^i^Ts^SSS^ 7 S (t. 1H. J = 2.01 Hz, H3), 
1 .095 mmol, 65 %). 1H NMR (270 MHz, CDCI 3 ) 5 7.40 -7 .35 (m 3H. ArH + Suzuki ArH^ ^ ^ ^ 
7,27 (s. 1H, ArH), 6.88 (d, 2H, J= 6.93 Hz, Suzuki ArH), 5.56 > (d. m J - 9.8 SEM ^ ^ 

1H J - 9.89 Hz. SEM amino acetal CH 2 ), 4.63 (dd, 1H, J= 3.30 10^ Hz, H11a)_3.9b ^ ^, 
OMe), 3.87-3.85 (m, 8H, SEM VCH + HI , Suzuki ArOMe), 3,4 JJd 1H , 10.62 16.12 H , ^ ^ ^ 

(1 1 aS)-1 ,1 1 a-dihydro-7,8.di m et h oxy- 2 -(4-methoxy pheny,)-5H-py rro,o [2 ,1 -cjp ,4 ]b enzodiazepin-5-one (179) 

[0 1 76, SCid sod,um tetraborohydride (NaBH 4 70 1 .88 mmol) I was added one P°-n toa rap^ ,y stirring 
Solution of 178 (100 mg, 0.2 mmol) in a mixture of anhydrous BOHJ2 mL and anhy dmus f ^ ^ ^ 

at room temperature for 9 h. The washed with brine (10 mL) 

gel (2.0 g). The mixture was extracted with EtOAc (3 x 10 mL). y y m) wh|ch was purifjed b y 

and dried over anhydrous MgS0 4 . Filtration and evaporation afforded the > crude , produc, ( ™ were P combined 
(lash column chromatography elating with a 50:50 mixture o petrol «um elherEt ^- Pure fra ^ 
and evaporation of the solvent in vacuo afforded the product as a yeNow glass (28 mg 0. . 1 ^ 

111 6. 109.8. 56. 2. 56. 1, 55.6, 35 6. 
5-one (See Figures 6a/b) 



[0177] 



5 



MeO 



MeO 




,1,.^7^1m-h™y*p^^ 
pyrrolo[2,1-c][1, ^benzodiazepine (180) 

■ v m r*r\ n^i/i mn ^ OA 3 oauiv) and ietrakis (triphe- 
t 0178] Phenylboronic acid (334 mg, 2.74 mmol, 2.54 oquiv. , ^^^^^J, oxa-np'c 1 (g)) (600 
nylphosphine) P a,ladium(0) (49.9 mg. 2% mrno.) was added to lo stir al room , Gmpe rature 

mg . 1 .03 mmol) in ethanol (21 .6 mL) water (2.6 ^^^^^T^ (2 x 200 mL), brine (200 
for 2 hrs. The reaction mixture was diluted with ethyl acetate (zuu n l afforded the crude product, 

mL ). and dried over magnesium sulphate. Rltra.ion and e * 30% ethyl acetate) 

which was subjected to flash column chromatography on silica gel (70 A 40 60 petroie 
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20 



sss iX'S i- 

147.3, 133.9, 132.7, 128.7. 127.6. 125.7, 121 .8, 121.1, 111.3, 105.8, 78.4. 67.2, 57.6, 56.2, 31 .3. 18.4, 
(1 1 aSM ,1 1 a -dihydro-7,8-dim e thoxy-2-phenyl-5H-pyrrolo[ 2l 1 -c][1 ,4]benzodiazepm-5-one (1 81 ) 

[01791 Solid sodium tetraborohydride (287 mg, 7.6 mmol, 10 equiv.) was added in one portion to ^ 
Son of 1 80 (365 mg, 0.76 mmol) in a mixture o. anhydrous BOH 8 ^ 

reaction mixture was allowed to stir at room temperature for 1 ^ f^^^^^^ B was d ,uted with 
and: 95% chioroform) revealed the complete consumpt -o n of n .J^SLh^ suiphate. nitration 

«, 1H1 3 96(s 3H) 3 94(s 3H) 3.66-3.36 (m, 2H). 13 C NMR (67.8 MHz, CDCI 3 ) a 1 62.6. 161 .5, 5V9, 14 f.H, iw. , 
i" 3 3 128 8 ?27 6 127 1 124^ 123.6, 119.0, 111.6, 109 8, 56.2. 53.9, 35.4. HRMS (FAB) calcd for C 20 H 19 N 2 O 3 
(M + > +1) 335,1398. found 335.1396 



[0180] 
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(S)-^(Allvtoxycarbony l )-2-{fert-buty 1 dimethylsily1oxym e th y l)-4-methyl»denepyrrolidin e {57) 

. , u ^ --.a„ mi n ml nfaOSM solution in THF, 20.5 mmol) was added dropwise to a suspension 
[0181] Potassium tert-butox.de (41 .0 mL of 0 .5 M solut^n m ; (lce/ acetone) under nitrogen. After 

of methyttriphenylphosphomum bromide (7.29 g. 204 mmol) inlH " ^ £ 2 mmol) in THF (1 0 mL) was added 
stirring for 2 hours at 0»C, a solution of the Ketone 16 (example 1 (b) (3 .20 g 10_2 mmo Jr. 1 ^ ) 
dropwise and the mixture allowed to wanm to room temperature. After st mng for ^ with brjnSi 

sss^ ^^^^^^ r 

NCHCH 2 OTBDMS 2 ), 3.93-3.87 (m, 1H, NCHCH 2 OTBDMS), 3.66-3 .42 (^ 

NCH 2 C=CH 2 C« 2 ), 0.87 (». 9H, SiC(CH 3 ) 3 ), 0.03-0.02 nn 6H, SJPJW C and 11 72 (NC0 2 CH 2 CH=CH 2 ), 

154 j (NC^O), 145.1 and 144.1 PJCH^CH 2 ) 133. ^^ a ^ 1 S 1 ^^ ( aTBI 5Msi 58.7 and 
107.5 and 106.9 (NCH 2 C=CH 2 ), G5.8 and 65.6 f*™ , 25 8 (SiC(CH 3 ) a ) 1 8.2 (SiC(CH 3 ) 3 ), 

58.3 (N CHCH 2 OTBDMS), 51 .1 (NCH 2 C=C, . 2 ; and 342 (NCH^C^ 2 -8 <S,C ^ ^ < ^ ^ t Bu 

fo^™ aU^cio). lUV 1467, 1404 (S,CH 3) , 1360, 1310, 

1252 (SiCH 3 ), 1207, 1174, 1103, 1076, 1006, 836, 776, 680 cm T 
(2S)-2-(ferf-butyldim C thylsilyloxymethyl)-4-meth V lid e nepyrTolidine(58) 

, , r> H r-i /PPh 1 (92 ma 0 131 mmol) was added to a solution of the altyi carbamate 57 
[0182] A catalytic amount of PdCI 2 (PPh 3 > 2 (92 mg, au i mrr i I temperature, 
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gas evolution immediately ensued. The mixture was stirred for 16 hours at room temperature under nitrogen at which 
point TLC (50% EtOAc/Petroleum Ether) revealed the formation of amine. After diluting with CH 2 CI 2 (30 mL), the 
organic solution was dried (MgS0 4 ), filfered and evaporated in vacuolo give an orange oil which was purified by flash 
chromatography (50-1 00% EtOAc/Petrofeum Ether) to afford the amine 58 as a slightly orange oil (0.56 g, 77%): [a] 21 D 

5 - -3.9 ° (c = 5.0, CHCI 3 ) ; 1 H NMR (270 MHz, CDCI 3 ) 5 4.93 (t, 1H, J - 2.02 Hz. NCH 2 C=CH 2 ) : 4.90 (t 1H f 

Hz, NCH 2 C=CH 2 ) S 3,68^3,46 (m, 4H, NCHCtf 2 OTBDMS and NCH 2 C=CH 2 ), 3.30 3.21 (m ; 1H, NC j4CH 2 OTBDMS), 
2.53-2.41 (m, 2H, NCH^-CH 2 CH 2 and NH), 2 26 2. 17 (m, 1H. NCH 2 C-CH 2 CH 2 ) 5 0.90 (s, 9H ? SiC(CH 9 ) 3 ) ; 0.06 (s, 
6H, S\(CH 3 ) 2 ): 13 C NMR (67.8 MHz, CDCI 3 ) 8 150.0 (NCH 2 C=CH 2 ), 104.7 (NCH 2 C-CH 2 ), 64.7 (NCHCH 2 OTBDMS), 
60.5 (NCHCH 2 OTBDMS), 51.3 (NCH 2 C-CH 2 ) ; 34.9 (NCH 2 C-CH 2 CH 2 ) S 25,9 (SiC(CH 3 ) 3 ) ; 18.3 (SiC(CH 3 ) 3 ), -5.4 (Si 

10 (CH 3 ) 2 ); MS (Et), m/z (relative intensity) 227 (M + \ 8), 212 (6) ; 170 (M- l Bu ; 36). 96 (8), 82 (M^CH 2 OTBDMS : 100), 75 
(11); ]R (Neat) 3550 3100 (br. NH), 3074 (C-CH 2 ), 2929, 2857 r 1664 (C-C), 1472, 1424, 1391, 1380, 1361, 1255, 
1190. 1101, 1006, 939, 880, 838, 777, 723, 668 cm' 1 . 

(2S)-/V-[5-lodo-2-(2j2,2-trichloroethyloxy^ 
*5 4-methytidinepyrrolidine (60) 

[0183] A catalytic amount of DMF (3 drops) was added to a stirred solution of the Troc protected anthranilic acid 59 
(0.46 g. 1 04 mmol) and oxafy? chloride (0.10 mL : 0.15 g, 1 .15 mmo!) in CH 2 CI 2 (30 mL). After 16 hours at room 
temperature the resulting acid chloride solution was added dropwise over 30 minutes to a stirred mixture of the amine 

20 58 (0.26 g, 1 .15 mmo!) and TEA (0,26 g, 0.36 mL, 2.58 mmol) in CH 2 CI 2 (15 mL) at -20°C (CCI 4 /liq.N 2 ) under a nitr ogen 
atmosphere The reaction mixture was allowed to warm to room temperature and stirred for a further 45 minutes. At 
this point TLC analysis (50% EtOAc/Petroleum Ether) revealed complete reaction, The mixture was washed with sat- 
urated NaHC0 3 (30 mL), saturated NH 4 CI (30 mL), H 2 0 (25 mL), brine (30 mL), dried (MgS0 4 ), filtered and evaporated 
in vacuo to give the amide 60 as a dark oil (0.65 g, 96%): 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) b 8.92 (br s, 1H), 

25 8 05-7.88 (rm 1H), 7.74-7.64 (m, 1H), 7.56-7.46 (m, 1H), 5.08-4.95 (m 5 2H), 4.84 (d, 1H : J - 11 .91 Hz), 4.75 (d, 1 H, J 
- 11.91 H7) r 4.74-4.65 (m, 1 H), 4.21-3 68 (m, 4H), 2.96-2.65 (m, 2H), 0.95-0.87 (m, 9H), 0.1-0 03 (m, 6H). 

(2S)-A^(2-Amino-5-iodofoen2oyl)-2'(hydroxymethyl)-4-methyiidenepyrroNdine (61 ) 

30 [01 84] A sofution of TBAF (1 ,24 mL of a 1 M sofution in THF, 1 .24 mmol) was added to the silyt-ether 60 (0.64 g r 0.99 
mmol) in THF (15 mL) at 0°C (ice/acetone). The reaction mixture was allowed to warm to room temperature and after 
45 minutes TLC (50% EtOAc/Pet-Ether 40 °- 60 °) revealed the complete disappearance of starling material. Saturated 
NH4CI (75 mL) was added and the reaction mixture extracted with EtOAc (3 X 30 mL), washed with brine (30 mL), 
dried (MgS0 4 ) ! filtered and evaporated in vacuo to give an orange o\l Purification by flash chromatography (50% 

35 EtOAc/Pet-Ether 40 °- 60 ") provided the pure amino-alcohol 61 as a viscous oil (0.18 g, 51%): 1 H NMR (270 MHz, 
CDCI3) o 7.72-7.61 (m : 1 H), 7.55 7.40 (m, 1H), 6. 51-6. 49 (m, 1H), 5.02-4.94 (m, 2H), 4.80-3.80 (m, 8H) : 2.81-2.79 (m, 
1 H), 2.43 2 40 (m, 1H); MS (El), m/z (relative intensity) 359 (M + " + 1 , 5), 358 (W\ 33), 328 (3), 327 (10), 254 (3), 247 
(11), 246 (100), 218 (18), 164(2), 127(4), 120 (4), 119 (10), 113 (9), 112 (91), 94 (2), 91 (20), 90 (5), 82 (10), 67 (2), 
64 (3), 63 (3), 52 (3). 

40 

(2S)-fl^[5-lodo-2-{2,2,2-trichloroethyloxycarbony!am 
(62). 

[0185] A solution of the amine 61 (179 mg, 0.50 mmol) in CH 2 CI 2 (15 mL) was cooled to 0'"'C (ice/acetone) and 
4s treated with pyridine (81 jiL, 79 mg, 1.0 mmol). A sofution of 2,2,2-trichioroethyichloroformate (76 uL, 117 mg, 0.55 
mmol) En CH 2 CI 2 (5 mL) was then added dropwise to the stirred mixture. 

[0186] The reaction mixture was allowed to warm Lo room temperature and stirred for a further 2 h, at which poinL 
TLC (EtOAc) revealed complete consumption of amine 61. The reaction mixture was washed with saturated CuS0 4 
(25 mL), H 2 0 (25 mL), brine (25 mL). dried (MgS0 4 ) ; filtered and evaporated in vacuo. The crude residue was purified 

50 by flash chromatography (50% EtOAc/Petroleum Ether) to afford the pure troc-amino compound 62 as an oil (189 mg, 
71%): 1H NMR (270 tVIH?, CDCI 3 ) 5 8.90 (br s ; 1H), 7.75-7.66 (m, 3H) ; 5.02-4.92 (nrv 3H) : 4.87 (d, 1H, J= 12.09 Hz), 
4.72 (d. 1H, J == 12.09 Hz), 4.15-4.08 (m. 2H), 3.90 3.85 (m,2H), 3.65 3.63 (m, 1 H) , 2.80-2.71 (m, 1H) I 2.50 (d, 1H ; J 
■ 14.83 Hz): 13 C NMR (67,8 MHz. CDCI 3 ) 5 167.7, 151.9, 142.7, 139.6, 135.6, 134.8, 127.7, 123.4, 108.4, 95.1, 86.6, 
74.3, 63.9, 59. 0 ; 53.5, 33,7; MS (El), m/z (relative intensity) 536 (5), 535 (3), 534 (15), 533 (M+", 3), 532 (15), 503 (2), 

55 501 (2), 422 (4), 420 (5), 385 (8), 384 (8), 366 (3), 353 (11), 290 (9), 273 (8), 272 (76). 246 (6), 245 (18), 218 (4). 217 
(5), 216 (8), 146 (4), 145 (10), 133 (4), 131 (4), 119 (6), 117 (7), 1 1 5 (1 1 ), 1 1 3 (1 7), 1 1 2 (39), 97 (4), 96 (3), 95 (12), 90 
(5), 84 (5). 83 (7), 82 (100), 79 (7), 77 (21), 67 (2), 63 (4), 61 (3). 51 (6); exact mass calcd for C 16 H 16 N 2 0 4 CI 3 i m/e 
531.9221, obsd m/e 531. 9155, 
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(1 1 S,1 1 aS)-1 1-Hydroxy-7-iodo*2-methylidene-1 0-(2 7 2 7 2-trichloroethy!oxycarbonylamino)-1 ,2 T 3,1 0,1 1,11a- 
hexahydro-5//-pyrrolo[2,1-c] [1,4]beri2odiazepin-5one (63) 

[01 87J A solution of the alcohol 62 (1 89 mg, 0.35 mmol) in CH 2 CI 2 /CH 3 CN (1 2 ml, 3:1) was treated with 4 A powdered 
= molecular sieves (100 mg) and NMO (62 mg, 0.53 mmol), After 15 minutes stirring at room temperature, TPAP (6 2 
mg, 1 7.7 umol) was added and stirring continued for a further 1 hour at which point TLC (50% EtOAc/Petroleum Ether) 
showed product formation along with some unoxidised starting material. The mixture was then treated with a further 
quantity of NMO (62 mg, 0.53 mmol) and TPAP (6.2 mg, 1 7.7 ^mol) and allowed to stir for a further 30 minutes after 
which time TLC revealed complete reaction. The mixture was evaporated in vacuo onto silica and subjected to flash 
10 chromatography (40% EtOAc/Petroleum Ether) to provide the protected carbinolamine 63 as a white glass (93 mg, 
49%): 1 H NMR (270 MHz, CDCI 3 ) 5 809 (d, 1H J= 2.01 Hz), 7.80 (dd, 1H, J = 8.43, 2.20 Hz), 7.10 (d f 1H, J-3.43 
Hz).. 5.60 (d f 1 H, J = 9.71 Hz) s 5.20-5.04 (m, 3H), 4.79-4.50 (m, 1H), 4.32-4,08 (m, 3H), 3,63 (t, 1H, J= 8.79 Hz), 
2.99-2.89 (m, 1H) : 2,72(d 7 1H, J - 15.94 Hz); 13 C NMR (67.8 MHz, CDCf 3 ) 5 165.0, 154.1, 141.0, 140.2, 137.7, 134.5, 
133.6, 132.0, 110.4, 94. 1, 93 4, 85.7, 75. 0, 59.4, 50,7, 35.0: MS (El), m/z (relative intensity) 533 (6), 532 (22), 531 
is (M + - : 8), 530 (17), 529 [10), 449 (5), 383 (6), 354 (7), 353 (5), 338 (6), 325 (5), 290 (5), 274 (15), 273 (8), 272 (43), 
254 (5), 245 (8), 218 (5), 216 (12), 147 (5), 146 (6), 145 (9), 133 (10), 131 (9), 128 (5), 127 (15), 119 (11). 117 (5), 97 
(6), 95 (9). 92 (6), 91 (6), 90 (6), 83 (11), 82 (100), 81 (7), 80 (8), 75 (5), 63 (7), 53 (5); exact mass calcd for 
C 16 H 14 N 2 0 4 ICI 3 m/e 531. 9037, obsd m/e 531. 8988. 

20 (1 1 aS)-7-todo^2-methyNdene-1 ,2,3,1 1 a-tetrahydro-5H-pyrroto[2,1 -c][1 5 4]benzodiazepin-5-one (64, UP2023, 
BSD SJG). 

[0188] 10% cadmium lead couple (109 mg, 0.875 mmol) was added to a stirred solution of the Troc-protected car- 
binolamine 63 (93 mg : 0.175 mmol) in THF (1 mL) and aqueous fN ammonium acetate (1 mL). After 45 minutes at 

25 room temperature TLC reveafed complete reaction (70% EtOAc/Petroleum Ether). The mixture was diluted with EtOAc 
(30 mL). dried (MgS0 4 ) ; filtered and evaporated in vacuo. The crude residue was purified by flash chromatography 
(70% EtOAc/Petroleum Ether) to provide the novel PBD (64, BSD-SJG, UP2023) as a white solid (27 mg, 46%): mp 
U C; 1 H NMR (270 MHz, CDCl 3 + CD 3 OD) (11S,11aS isomer) 6 8 10 (d, 1H, J - 1.46 Hz), 7.65 (d 7 1H, J = 8 79 Hz), 
6 86 (d, 1H, J= 8.06 Hz). 5.14-5 10 (m r 2H), 4 66 (d, 1H, J = 5.13 Hz), 4 34 (d, 1 H t J - 16 12 Hz), 4.23 (d, 1 H. J = 

30 16.12 Hz), 3.80-3 71 (m r 1 H), 3,34 (s r 3H), 3.03-2.86 (m, 1H),2.65 (d, 1 H r J= 1 6.02 Hz); MS (El), nVz (relative intensity) 
(N10-C11 imine form) 339 (M + " + 1. 20). 338 (M + ~, 100). 337(17), 323 (5), 311 (4), 310 (5). 257 (5). 230 (4). 229 (13), 
211 (4). 203 (4), 202 (8), 184 (8), 183 (4), 103 (5), 82 (17), 81 (4), 80 (5), 76 (6), 75 (16), 74 (5). 55 (4), 53 (4); IR 
(NUJOL©)3295 (br) f 2923, 2853, 1716, 1615, 1506, 1457, 1377, 1317, 1278. 1238, 1169, 1118, 1063, 999, 895, 818, 
751 , 718 cm 1 ; exact mass calcd for C 13 H 11 N 2 OI m/e 337.9916, obsd m/e 337.9870 

35 

Example 2(b) : Synthesis of the C8 -Be nzv1-C7-Methoxy-C2-methfene PBD Monome r SJG-244 (70) (see Figure 8) 
[01891 

40 
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(2S)-/V L (4-Benzyloxy-5~methoxy-2-nitroben^oyl)-2-(ferf-butyldimethylsilyloxymethyf)- 
4-methyNdenepyrrolidine (65) 

50 

[0190] A catalytic amount of DMF (2 drops) was added to a stirred solution of the nitro -acid 1 (0.645 g, 2,13 mmol) 
and oxalyt chloride (0.23 mL. 0.33 g, 2.60 mmol) in CH 2 CI 2 (40 mL). After 16 hours at room temperature the resulting 
acid chloride solution was added dropwise to a stirred mixture of the amine 58 (0.522 g, 2.30 mmol) and TEA (0.58 g, 
0 80 mL, 5.73 mmol) in CH 2 CI 2 (5 mL) at 0"C (ice/acetone) under a nitrogen atmosphere The reaction mixture was 
55 allowed to warm to room temperature and stirred for a further 2.5 h. The mixture was diluted with CH 2 CI 2 (50 mL), 
washed with saturated NaHC0 3 (50 mL), saturated NH 4 CI (50 mL), H 2 0 (50 mL), brine (50 mL), dried (MgS0 4 ), filtered 
and evaporated in vacuo to give the crude product as a dark orange oil. Purification by flash chromatography (20% 
EtOAc/Petroleum Ether) isolated the pure amide 65 as a sticky orange oil (0.86 g, 79%): [ct] 22 D = -47 2 Q (c = 2.79, 



46 

BNSDOCID. < E P 1 1 93270A2..1.. > 



EP 1 193 270 A2 



CHCI 3 ); 1 H NMR (270 MHz, CDC! 3 ) (Rotamers) 5 7.78 and 7.77 (s x 2, 1H arom ), 7.48-7,35 (m, 5H arom ) ; 6.82 and 6.78 
(s x 2, 1H arnm ), 5,23 and 5 21 {s x 2. 2H, PhCH/)), 5.09-4.83 (m, 2H, NCH 2 OCH^ 4,59-4.49 (m, 1H, 
NCH3H 2 OTBDMS). 4.03-3.08 (m, 7H, NCHCrt 2 OTBDMS. NCH 2 C=CH 2 and OCH 3 ). 2,80^2,56 (rn, 2H. 
NCH 2 C=CH 2 CH3), 0.89 and 0.79 (sx2, 9H t SiC(CW 5 ) 3 ), 0.122, -0.11 and -0.14 (s x3, 6H, SHCf^) 2 ); 13 C NMR (67.8 

5 MHz. CDCI3) (Rotamers) 6 166.2 (NC=0) 3 154,8 and 154.6 (C qusrt ), 148.2 and 148.0 (C quat ), 144.1 and 143.2 (C qual ), 
137.1 (C quat ), 135.3 (C ,), 128.8 and 128.5 (BnOH arom ) ; 128.2 (C quat ) : 127.6 (BnC-H arom ), 110.1 and 109.2 (C- 
H arom ), 109.0 and 108.5 (£>H arom ), 107.5 (NCH 2 C=CH 3 ) ( 71.3 (PhCH 2 0), 63.7 (NCHCH 2 OTBDMS) ; 60.2 
(NCHCH 2 OTBDMS), 58.1 and 56.6 (OCH 3 ) ! 52 8 and 50.5 (NCH 2 C=CH 2 ) ; 34.9 and 33.9 (NCH 2 C-CH 2 CH 2 ) : 25.8 and 
25.7 (SiC(CH 3 ) 3 ), 1 8.2 (SiC(CH 3 ) 3 ) ; -54 and 5.6 (Si(CH 3 ) 2 ); MS (E!), m/z (relative intensity) 512 (W, 3), 497 (M-CH 3: 

TO 4). 455 (M~ l Bu, 100). 380 (2). 364 (5), 286 (M-NCH 2 C-CH 2 CH 2 CHCH 2 OTBDMS : 40), 279 (9), 225 
(NCH 2 C-CH 2 CH 2 CHCH 2 OTBDMS f 5) 5 168 (10), 149 (27), 91 (PhCH 2: 62), 73 (8), 57 (9): IR (NEAT) 3066, 3034, 2953, 
2856/2245, 1644 (NC=0), 1578 ; 1520, 1454, 1426, 1379, 1335, 1276, 1220, 1186, 1106, 1059, 1016, 910. 836 ; 815, 
779, 734, 697, 655, 614 cm' 1 . 

15 (2S)-W-(4-Benzy!oxy-5-methoxy-2-ntto ( 66 ) 

[0191] A solution of TBAF (2.1 OmL of a 1M solution in THR 2.10 mmol) was added to the sityl-ether 65 (0.86 g, 1 .68 
mmol) in THF (20 rnL) at 0 J C (Ice/acetone). The reaction mixture was allowed lo warm to room temperature following 
a colour change (yeltow ~->dark red). After a further 40 minutes TLC (50% EtOAc/ Pet -Ether 40°- 60°) revealed the 

20 complete disappearance of starting material. Saturated NH 4 CI (1 00 mL) was added and the reaction mixture extracted 
with EtOAc (3 X 40 mL), washed with brine (30 mL), dried (MgS0 4 ) ; filtered and evaporated in vacuo to give a dark 
orange oil which was purified by flash chromatography (60% EtOAc/Petroleum Ether) to provide the pure alcohol 66 
as a white solid (0.64 g, 96%); [a] 1fl D = -22.9 0 (c= 0.20, MeOH), NMR (270 MHz, CDCy (Rotamers) S 7.78 and 
7.76 (S X 2, 1H arom ), 7.49-7.33 (m, 5H arom ) : 6.91 and 6.82 (s x 2, 1H arom ), 5,22 (s, 2H, PhC^O), 5.10 (m, 1H t OH}, 

25 5.03-5.01 (m, 1H. NCH 2 C-CH 2 ), 4.90-4.85 (m, 1H, NCH 2 C=CH^), 4.65-4.55 (m, 1 H : NCHCH 2 OH), 3.99 and 3.95 (s 
x2, 3H, 00^3.90-3,72 (m,4K NCHCH 2 OH and NCH.C-CH 2 ), 2.90-2.87 (m, 1 HL NCH 2 C-CH 2 CH 2 ), 2.53-2.47 (m, 
1H. NCH 2 C=CH 2 CH^); 13 C NMR (67.8 MHz : CDCI 3 ) (Rotamers) 5 177.4 (NC=0), 155.1 (C qual ), 148.3 (C qutll ), 142.6 
(C quB i). 137.0 (C qu J, 1352 <C qLjal ), 128.9, 128 6 and 1276 (BnOH^J, 109.1 (C-H^), 108.5 (C-H aro J : 1083 
(NCH 2 C=CH 2 ), 71 .4 (PhCH 2 0), 65 2 and 63.7 (NCHCH 2 OH), 60.4 (NCHCH 2 OH), 56.8 and 56.7 (OCH 3 ), 53.0 and 

30 50.1 (NCH 2 C=CHo), 35.1 and 34.4 (NCH 2 C=CH 2 CH 2 ); MS (El), m/z (relative intensity) 398 (M + ~, 2), 380 (3), 368 (4), 
354 (1). 286 (M-NCH 2 C=CH 2 CH s CHCH 2 OH 1 54), 270 (2), 256 (1), 164 (2), 136 (4), 135 (3). 121 (4). 112 
(NCH 2 C-OH 2 CH 2 CHCH 2 OH, 3), 91 (PhCH 2 , 100). 82 (3), 69 (4), 65 (6); IR (NUJOL® ) 3600-3200 (br, OH), 2923 f 
2853. 1718, 1663, 1611 (NC=0), 1577, 1517, 1460. 1376, 1332, 1275, 1224, 1176, 1052, 990, 925, 886. 862, 796, 
759 : 723, 702 615 cm" 1 ; exact mass calcd for C 21 H 22 N 2 0 6 m/e 398,1478, obsd m/e 398.1490. 

35 

(2S)-N-(2-Amino-4-benzyloxy-5-methoxybenzoyl)-2-(hydroxymethyl)-4-meth (67) 

[01 92] The nitro-alcohol 66 (0.637 g 5 1 .60 mmol), SnCI 2 2H20 (1 ,81 g, 8 0 mmol) and methanol (36 mL) were heated 
at reflux and monitored by TLC (90% CHCl 3 /MeOH). After 1 hour the MeOH was evaporated in vacuo and the resulting 

40 residue cooled (ice), and treated carefully with saturated NaHC0 3 (120 mL). The mixture was diluted with EtOAc (120 
mL), and after 1 6 hours stirhng at room temperature the inorganic precipitate was removed by filtration through celite. 
The organic )ayer was separated, washed with brine (100mL), dried (MgS0 4 ), filtered and evaporated in vacuo to give 
an orange glass, Flash chromatography (EtOAc) afforded the pure amine 67 as a pale yellow glass (0.37 g, 63%): 
[a] 23 D - -42.7 *(C- 3.7, C8CI3); 1 H NMR (270 MHz, CDCI 3 ) 5 7.44-7.29 (m, 5H aro J , 6.77 (s, 1H arom ),6.27 (s, 1 H arom ), 

45 512 (s, 2H, PhCH 2 0), 5.06^5.00 (m, 1H, NCH 2 C=CH 2 ), 4 99-4.92 (m, 1H, NCH 2 C-Ctf 2 ) f 4.63-4.53 (m, 1H, 
NCHCH 2 OH) f 4.25-3.60 (rn, 10H, NCHCWgOK NCH 2 C-CH 2r OCH 3 , OHand NH 2 ), 2.77 (dd, 1H, J- 852, 15.85 Hz ; 
NCH 2 C=CH 2 CH 2 ). 2,43-2 39 (m, 1H, NCH 2 C=CH 2 CH 2 ) ; 13 C NMR (67.8 MHz, CDCI 3 ) 5 1 71 .4 (NC=0), 151.0 (C quat ), 
143.3 (C t ), 141.5 (C qual ) f 140.6 (C qual ), 136.5 (C quat ). 128 6 and 128.0 (BnC-H arom ), 127,8 (C quat ) s 127.1 (BnC- 
H ( J, 112.5 (C-H arom ), 107.8 (NCH 2 C^CH 2 ), 103.0 (C-H^J, 70.6 (PhCH 2 G), 65 9 (NCHCH 2 OH) ( 60 0 

50 (NCHCH 2 OH), 57.1 (OChl 3 ), 53.3 (NCH 2 C-CH 2 ), 34.4 (NCH 2 C=CH 2 CH 2 ); MS (El), m/z (relative intensity) 368 (M + ', 
100). 353 (M-CH 3l 2), 340 (1), 286 (2), 273 (4), 256 (M-NCH 2 C=CH 2 CH 2 CHCH 2 OH, 59), 249 (8), 226 (4), 200 (2), 196 
(2), 166 (5), 138 (17), 112 (NCH 2 C=CH 2 CH 2 CHCH 2 OH, 39), 91 (PhCH 2 , 70), 82 (5), 65 (5); IR (NEAT) 3600 3000 (br, 
NH 2 and OH), 3065, 3052, 2932, 2B69, 2246, 1668, 1620, 1592, 1513, 1454, 1408, 1264, 1229, 1197, 1176, 1113, 
1079, 1002, 909, 733, 698, 645 cm" 1 ; exact mass calcd for C 21 H 24 N 2 0 4 m/e 368.1 736, obsd m/e 368.1662 

55 
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(2S)-W-E{2-Allyloxycarbonylamino)-4-benzyloxy-5-methoxyhenzoyn-2-(hydroxymethyl)- 
4-methylidenepyrrolidine (68) 

r0193] A solution of the amino-alcohol 67 (0.33 g, 0.90 mmol) in CH a CI 2 (20 mL) was cooled to 0°C (ice/acetone) 
and treated with pyridine (0.1 4 mL, 0.14 g, 1 .77 mmol). A solution of allyl chioroformate (87 u.L, 99 mg, 0.82 mmol) in 
CH P CU (7 mL) was then added dropwise to the stirred mixture. The reaction mixture was allowed to warm to room 
temperature and stirred for a further 2.5 h, at which point TLC (ElOAc) revealed complete consumption of amine 67. 
The reaction mixture was diluted with CH 2 CI 2 (30 mL) and washed with saturated CuS0 4 (40 mL), H 2 0 {40 mL), brine 
(40 mL) dried (MgS0 4 ). filtered and evaporated in vacuo. The crude residue was purified by flash chromatography 
(80% EtOAc/Petroleum Ether) to afford the pure alloc-amino compound 68 as a white solid (0.34 g, 84%): [a] D = - 
22 4 • (c ,. 3 4 CHCU) ■ 1 H NMR (270 MHz, CDCt 3 ) 5 8.52 (br s. 1H, NH), 7.82 (br s, 1 H aroFT1 ), 7.49-7.29 (m, 5H arom ), 
6 84(s 1H ' \ 6.02-5.88 (m.1H,NC0 2 CH 2 CAfeCH 2 ), 5.39-5.22 (m,2H,NC0 2 CH 2 CH=CH 2 ), 5.1 7 ( S ,2H,PhCH ? 0 , 

5 01 (b'rs, Th NCH 2 C=CH 2 ), 4.94 (brs, 1H, NCH 2 CCH 2 ), 4.64-4.59 (m, 3H, NCHCH 2 OH and NC0 2 CH 2 CH=CH 2 , 
4 21-3 60 (m. 8H. NCHCH 2 OH, NCH 2 C=CH 2 , OCH 3 and OH), 2.77 (dd, 1H, J= 8.61, 15.94 Hz, NCH 2 C=CH 2 CH 2 , 
2 46 Id 1 H J= 15 94 Hz. NCH 2 C=CH 2 CH 2 ); 13 C NMR (67.8 MHz, CDCI 3 )8 1 71 .4 (NOO amlde ), 153.7 (NC=O carbarnale ), 
1 50.3 (C auat ). 144.5 (C quat ), 143.0 ( CquBt ). 136.2 (C quat ). 132.4 (NC0 2 CH 2 CH=CH 2 ), 131 .3 (C .) 128.6 128 1 and 
127.7 (BnC-H^J, 118 1 (NC0 2 CH 2 CH=CH 2 ), 111.1 (C-H aro J, 108.1 (NCH 2 C=CH 2 ), 1 06 .5 t^aroJ, 70.7 
(PhCH-,0) 65 8 (NC0 2 CH 2 CH=CH 2 ), 65.5 (NCHCH 2 OH), 59.9 (NCHCH 2 OH), 56.7 (OCH 3 ), 54.0 (NCH 2 C=CH 2 ), 34.1 
(NCH,C.CH 2 CH 2 ): MS (El), m/z (relative intensity) 452 (M~, 38), 3L5 (M-OC 3 H 5 , 4), 394 (10), 340 
(M-n6h 2 C,CH 2 CH 2 CHCH 2 OH. 20), 298 (7), 282 (22), 255 (8). 206 (2). 192 (2), 163 (3), 136 (3), 114 (6) 112 
NCH 2 C=CH 2 CH ? CHCH 2 OH. 12), 91 (PhCH 2 , 1 00), 82 (10), 65 (4), 57 (OC 3 H 5 , 7); IR (NUJOL® ) 3600-2000 (br, OH), 
3335 3242 2922 2854, 1724. 1614, 1537, 1463, 1407, 1378, 1349. 1280, 1214, 1178, 1117, 1054, 1028, 995, 947, 
908. 892. 853. 821 , 768, 735, 597, 629, 601 , 514 cm''; exact mass calcd lor C 25 H 28 N 2 0 6 m/e 452.1947, obsd m/e 
452.1923. 

(11S,11aS)-10-Allyloxycarbonyl-8-benzyloxy-11-hydroxy-7-methoxy-2-methylidene-1 ,2,3,10,11,11a- 
hexahydro-5H-pyrrolo[2,1-c]t1,4]benzodiazepin-5-one (69) 

r0194] A solution of DMSO (0.18 mL. 0.20 g, 2.56 mmol) in CH 2 CI 2 (4 mL) was added dropwise over 30 minutes to 
a solut.cn of oxalyl chloride (0.63 mL of a 2.0 M solution in CH 2 CI 2 , 1.26 mmol) at -4S°C (dry ice/CH 3 CN) under a 
nitroqen atmosphere. After stirring at -45"C for 30 minutes, a solution of the alcohol 68 (0,42 g. 0.93 mmol) d.ssolved 
in CH 2 Cl a (8 mL) was added dropwise over 35 minutes at -45'C. After 45 minutes at -45*C, the mixture was treated 
dropwise with TEA (0.50 mL, 0.36 g, 3.56 mmol) in CH 2 CI 2 (4 mL) over 30 minutes at -45°C. After 35 minutes the 
reaction mixture was allowed to warm to room temperature and was diluted with CH 2 CI 2 (30 mL), washed with IN HCI 
(20 mL) H.O (20 mL). brine (30 mL), dried (MgS0 4 ), filtered and evaporated in vacuo. TLC (80% EtOAc/Petroleum 
Ether) of the crude material revealed sufficient product formation and a trace of unoxidised start.ng material. Punf cation 
by flash chromatography (50% EtOAc/Petroleum Ether) furnished the protected carbinolamme 69 as white glass (0.1 72 
g 41%); 1H NMR (270 MHz, CDCI 3 ) 6 7.48-7.27 (m, 5H aron) ), 7.25 (s. 1H aro J, 6.74 (brs, lH arom ), 5.65-5^3 1 (m, 1 H 
NC0 2 CH 2 CH=CHo).5.56 (d, 1H. J = 9.89 Hz, NCHCHOH), 5.22-5.04 (m, 6H, NCH 2 C--CH 2 , NC0 2 CH 2 CH=CH 2 and 
PhCH^O) 4.64-4.42 (m, 3H, NC0 2 CH 2 CH=--CH 2 and OH), 4,28 (d, 1H, J= 15.94 Hz, NCH 2 C=CH 2 ), 4.09 (d, 1H J = 
15.94 Hz, NCH ? C-CH 2 ), 3.92 (s, 3H, OCH 3 ) ; 3.62 (t, 1H, J= 8.79 Hz NCHCHOH), 2.90 (dd 1 H J ' = 8 97 1 6^03 Hz, 
NCH,C=CH,CH 2 ) 2 67 (d. 1H. J= 16.03 Hz, NCH 2 C=CH ? CH 2 ); 13 C NMR (67.8 MHz, CDCI 3 ) 6 166.8 (NC=O amjde ), 

156.0 (NC =0carbamale) , 150.1 ( Cquat ), 149.0 (C quat ), 141 .8^) 13*1 (C ^ 131 8 (NCO CH ^^CH 2 ) 12*6 

128.1 and 127.3 (BnC-H arotT1 ), 125.6 (C quat ), 118.0 (NC0 2 CH 2 CH=CH 2 ), 114.6 (C-H arom ), 110.6 (<>H ) 109.8 
(NCH 2 C^CH 2 ). 85.8 (NCHCHOH), 71.0 (PhCH 2 0). 66.7 (NC0 2 CH £ CH=CH 2 ), 59.8 (NCHCHOH), 56.2 (OCH 3 ) 507 
(NCh!c=CH 2 )', 35.0 (NCH 2 C=CH 2 CH 2 ); MS (El), m/z (relative intensity) 450 (M% 24), 422 (1), 392 (1), 364 (1) 348 

3). 340 (12) 298 (6), 282 (8), 257 (2), 229 (2), 192 (3), 178 (2), 164 (4), 136 (3). 110 (3). 91 Ff^^'f^ 
65 (7)- IR (NUJOL® ) 3600-2500 (br. OH), 2923, 2854, 1711, 1619. 1601.1513, 1463, 1405. 1377,1300, 1278, 1202, 
1119, 1045. 993, 956, 909, 790, 768, 724, 697, 637 cm" 1 , exact mass calcd for C 2S H 26 N 2 O s m/e 450.1 791 , obsd m/e 
450.1790. 

Alternative synthesis (11S,11aS)-10-Allyloxycarbonyt-8-benzyloxy-11-hydroxy-7-methoxy-2-methylid C n C - 
1, 2,3,10,1 1,11a-hexahydro-5H-pyrroto[2,1-c][1,4]benzodiazepin-5-one (69) 

[0195] A solution of the alcohol 68 (0.32 g, 0.71 mmol) in CH^CH^N (30 mL, 3:1 ) was treated with 4 A powdered 
molecular sieves (0.2 g) and NMO (126 mg, 1 08 mmol). After 15 minutes stirring at room temperature TPAP (12^b 
mg 35 9 pmol) was added and stirring continued for a further 1 hour 20 minutes at which point TLC (80 /„ hlUAc/ 
Petroleum Ether) revealed product formation along with some unoxidised starting material. The mixture was then treat- 
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ed with a further quantity of NMO (1 26 mg, 1 .08 mrnol) and TPAP {12.6 rmg : 35.9 umot). and allowed to stir for a further 
0.5 hours after which time TLC revealed reaction completion. The mixture was evaporated in vacuo onto silica and 
subjected to flash chromatography (50% EtOAc/Petrofeum Ether) to provide the protected carbinolamine 69 as a white 
glass (153 mg. 48%); [a] 23 D - 4 129.8 ° (c- 1.5, CHCl 3 ); 1 H NMR (270 MHz. CDCI 3 ) 5 7.48-7.27 (m, 5H arorn ), 7.25 (s, 

5 1H arom ). 6.74 (brs, 1H arom ), 5.65-5.53 (in, 1R NC0 2 CH 2 CARCH 2 ), 5.56 (d, 1H, J- 9.89 Hz, NCHCHOH), 5.22-5.04 
(m. 6R NCH 2 C-CH 0 , NC0 2 CH 2 CH=CR 2 and PhCR>0). 4.64-4.42 (m, 3R NC0 2 CR 2 CH-CH 2 and OH), 4.28 (d t 1H, 
J = 15.94 H?„ NCW 2 C=CH 2 ), 4.09 (d, 1H, J = 15.94 Hz, NCH 2 OCH 2 ), 3.92 (s, 3R OCH 3 ), 3 62 (1, 1H, J- 8.79 Hz, 
NCHCHOH), 2,90 (dd, 1 R J - 8.97, 16.03 Hz, NCH 2 C-CH 2 CH 2 ) ! 2 67 (d, 1H, J- 16.03 Hz ; NCH 2 C-CH 2 CH 2 ); 13 C 
NMR (67.8 MHz : CDCI 3 ) 5 166.8 (NC==O amide ), 156.0 (NC-O carbamate ) : 150.1 (C quat ), 149.0 (C qual ), 141 .8 (C quat ), 136.1 

,£J (CquJ. 131.8 (NC0 2 CHoCH=CH 2 ). 128.6, 128.1 and 127.3 (BnOH arom ), 125.6 (C qual ), 118.0 (NC0 2 CH 2 CH-CH 2 ) f 
1 14.6 (C-H atora ), 1 1 0.6 (C-H arom ), 1 09.8 (NCH 2 OCH 2 ), 85.3 (NCHCHOH), 71 .0 (PhCH.O), 86.7 (NCG 2 CH 2 CH-CH 2 ), 
59.8 (NCHCHOH), 56.2 (OCH 3 ) : 50.7 (NCH 2 C=CH 2 ) : 35.0 (NCH 2 C=CH 2 CH 2 ): MS (El), m/z (relative intensity) 450 
(M + ~, 24). 422 (1), 392 (1). 364 (1), 348 (3), 340 (12), 298 (6), 282 (8), 257 (2), 229 (2), 192 (3), 178 (2), 164 (4), 136 
(3), 110 (3), 91 (PhCH 2; 100), 82 (17), 65 (7); IR (NUJOL® ) 3600-2500 (br, OH), 2923, 2854, 1711 , 1619, 1601 , 1513, 

15 1463, 1405 : 1377, 1300, 1278, 1202, 1119, 1045, 993, 956 ; 909, 790, 768, 724, 697 : 637 cm 1 ; exact mass calcd lor 
C 25 H 2G N 2 0 6 m/e 450.1 791 : obsd m/e 450.1790. 

(1 1 aS)-8-Benzyloxy-7-methoxy-2-methylidene-1 ,2,3,1 1 a-tetra hydro- 5H-py rrok>[2,1 -c][1 ,4]benzodtazepin- 
5-one (70, SJG-244) 

20 

[0196] A catalytic amount of tetrakis(tripheny!phosphine)palladmm (12 0 mg, 1 0.4 t umol) was added to a stirred so- 
lution of the Alloc-protected carbinolamine 69 (0.18 g, 0.40 mrnol), triphenylphosphine (5.25 mg, 20 ^mol) and pyrro- 
lidine (29 mg, 0.41 mmol) in CH 2 C! 2 (1 5 mL). After 2 hours stirring at room temperature under a nitrogen atmosphere, 
TLC (98% CHCl 3 /MoOH) revealed the complete consumption of starting material. The solvent was evaporated in vacuo 

25 and the crude residue was purified by flash chromatography (60% EtOAc/Potroleum Ether) to afford 70 (SJG-244) as 
a white glass (1 1 6 mg, 83%) which was repeatedly evaporated in vacuo with CHC! 3 in an attemptto provide the N1 0-C11 
immeform: [u] 22 D - +754.2 ° {c= 0 54, CHCI 3 ); 1 H NMR (270 MHz. CDCI 3 ) (mainty imine l plus trace of carbinolamine 
form) 5 7.70-7.30 (m, 7H, RC^N and 6H arom ), 6.34 (s, 1H arom ), 5.25-5.13 (m ; 4K NCH 2 C-CH 2 and PhCH 2 0), 4,42 
(br s. 2R NCH 2 C-CH 2 ), 3. 95 (s, 3H ; OCH 3 ), 3.88-3.66 (m ; 1H, NCHhlC-N) i 3.09 (dd. 1H, J= 8.98, 16.12 Hz, 

30 NCHoC-CH.CR 2 ), 2.94-2.87 (m, 1 H, NCH.C=CH„CH 2 ); 13 C NMR (67.8 MHz, CDCI 3 ) 5 1 64,7 (NC=0), 162.6 (HC=N), 
150.6 (C quat ), 148.1 {C quat ) : 141.6 (C quBt >, 140.5 (C quat ), 136.1 (C quat ), 132.0. 128.7. 128.6, 128.1 and 127.3 (BnC- 
H arom ), 120.1 (C quat ). 111 .5(C-H arom ), 111 .2 (£>H awm ), 1 09.4 (NCH 2 C=CH 2 ), 70.8 (PhCH 2 0) ; 56.2 (OCH 3 ), 53.7 (NCH- 
HC-N), 51 .3 (NCH 2 C-CH 2 ). 35.4 (NCH 2 C-CH 2 CH 2 ); MS (El), m/z (relative intensity) (imine form) 348 (M+", 1 00), 333 
(M-CH 3i 42), 319 (3), 269 (5), 257 (M^PhCH 2 , 25), 241 (11). 229 (56), 227 (11), 213 (5), 186 (4), 156 (6), 136 (22), 122 

35 (4), 91 \?hCH 2 , 85), 82 (5), 65 (22); IR (NUJOL® ) 331 8 (br, OH of carbinolamine form), 2923, 2853, 1722, 1668, 1600, 
1557, 1504, 1462, 1377, 1261, 1216, 1120, 1003, 892,789, 722,695 : 623 : 542 cm" 1 ; exact mass calcd for C 21 H 20 N 2 0 3 
m/e 348.1474, obsd m/e 348.1 469. 

Example 2{c) ; Syn th esis of MMY-SJG (74, UP2064) (see F igure 9) 

40 

[0197] 
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50 

(2S)-AH{2-Allyloxycarbonylamino)^ 
4-methylidinepyrroMdine (71) 

55 [0198] Potassium /erf-butoxide (21 .2 mL of a 0.5 M solution in THF, 10.6 mmol) was added dropwise to a suspension 
of melhyitriphenylphosphonium bromide (3.78 g 3 10.6 mrnol) in THF (11 mL) at 0°C (ice/acetone) under nitrogen. After 
stirring for 2 hours at 0 a C, a solution of the ketone 38 (Example 1(e)) (2,0 g, 4.07 mmol) in THF (7 mL) was added 
dropwise and the mixture allowed to warm to room temperature. After stirring for a further 45 minutes the reaction 
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mixture was diluted with EtOAc (60 mL) and water (60 ml_). The organic layer was separated, washed with brine, dried 
(MgS0 4 ), filtered and evaporated in vacuolo give a dark oil. Purification by flash chror biography (20% EtOAc/Petro- 
leum Ether) isolated the pure olefin 71 as a transparent oil (1 .71 g, 86%): [«] 22 D = "44 ^ ° ( c = 0 20 - CHCI 3 ): 1 HNMR 
(270 MHz, CDCI 3 ) (Rotamers) 6 8.85 (brs. 1H), 7 85 (s, 1H) : 6.82 (s, 1H), 6.03-5.89 (m. 1H), 5.35 (ddd : 1 H . J - 17.22, 

5 3.11, 1 .47 Hz), 5.24 (ddd, 1H, J - 10 44, 2.75, 1.28 Hz), 4.99^4.92 (ra 2H), 4.70-4.57 (rrv 3H) r 4.23-3.57 (rn, 10H), 
2.72^2.68 (m, 2H), 0.96-0.85 (m, 9H) t 0.09--0.03 (m, 6H); 13 C NMR (67.8 MHz, CDCi 3 ) (Rotamers) 5 168.7, 153.6, 
150.9, 143.6, 132.5, 132.2, 118.1, 115.3, 110.6, 107.1, 104.3, 65.7, 63. 6 : 56.3, 56.0, 33.1, 25 8, 18.1 S -5.5 and -5.6; 
MS (Ei} t m/z (relative intensity) 492 (M+~ + 2, 7), 491 (M^ + 1 , 20), 490 (M 4- , 50), 475 (4), 435 (10), 447 (3), 434 (29), 
433 (94), 376 (4), 375 (13), 348 (5). 333 (11 ), 332 (6), 294 (3), 265 (16), 264 (100), 227 (8), 226 (24), 224 (5), 223 (18), 

10 220 (15), 210 (4), 208 (5), 207 (13), 206 (96), 192 (7), 180 (18).. 179 (25), 170 (21), 169 (8), 168 (28), 164 (13), 152 
(7), 150 (13), 136 (10), 108 (5), 96 (5), 95 (12), 94 (7), 89 (8), 82 (25), 75 (20), 73 (30). 59 (7), 58 (5), 57 (41), 56 (7), 
55 (4); IR (NEAT) 3324 (br, NH), 3082 5 2953, 2930, 2857 : 1732 ; 1600, 1523, 1490, 1464. 1419, 1397, 1360, 1333, 
1287, 1259, 1228, 1203, 1172, 1115, 1039, 1004, 939. 837, 814, 777 666 cm 1 . 

is (2S)-AH(2-Aliyloxycarbonyiamino)-4,5-dim (72) 

[0199] A solution of T3AF (4,29 mL of a 1 M solution in THF, 4.29 mmot) was added to the silyl-ether 71 (1.68 g,3.43 
mmol) in THF (45 mL) at 0 ;, C (ice/acetone). The reaction mixture was allowed to warm to room temperature and after 
1 hour TLC (50% EtOAc/Pel-Ether 40°- 60 c ) reveaied the complete disappearance of starting material. Saturated 

20 NH 4 Ct (110 mL) was added and the reaction mixture extracted with EtOAc (3 X 50 mL) T washed with brine (100 mL), 
dried (MgS0 4 ), tittered and evaporated in vacuo to give a dark orange oil. Purification by flash chromatography (99% 
CHCI 3 /MeOH) provided the pure alcohol 72 as a white solid (1 .15 g : 89%): [a] 21 D = -13.17* (c- 0.1 5 I CHCI 3 ); 1 H NMR 
(270 MHz, CDC! 3 ) 5 8.59 (brs, 1H), 7 69 (s, 1H), 6.82 (s, 1H), 6.03 5 39 (m, 1H), 5.35 {ddd, 1 H, 17.22, 3.11 , 1 .65 
Hz), 5,24 (ddd, 1H, J = 10,44, 2.75, 1.28 Hz), 5.02-4.94 (m, 2H), 4,66-4.62 (m, 3H) S 4.23-3.57 (m : 11H), 2.77 (dd ; 1H, 

25 J= 15.94, 8.42 Hz), 2.48 (d, 1 H : J - 1 5.94 Hz); 13 C NMR (67.8MHz, CDC\ 3 ) 5 170.3, 153.8, 151.0, 144.2, 143,1, 132.5, 
131.2, 118.1 , 115.9, 110.4, 108.1, 104.9, 65.8, 65.1, 59.8, 56.4, 56.0, 54.2, 34.1 ; MS (El), m/z (relative intensity) 378 
(M 4 " 4 2, 3), 377 (M+- + 1, 14), 376 (M + -, 51), 319 (3), 265 (10), 264 (62), 263 (4), 259 (8), 224 (4), 223 (18). 220 (17), 
208 (5), 207 (14), 206 (100), 192 (8), 190 (5), 180 (27), 179 (29), 178 (4), 164 (23), 163 (4), 152 (12), 151 (6), 150 
(19), 137 (5), 136 (22), 135 (6), 125 (6), 120 (6), 113 (6), 112 (31), 109 (6) ; 108 (11), 95 (4), 94 (9), 82 (28), 80 (8), 67 

30 (5), 57 (5), 54 (7), 53 (7); IR (NUJOL® ) 3341 and 3245 (br, OH and NH), 3115, 2918, 2850, 1727, 1616, 1540, 1464 7 
1399, 137B, 1351, 12B3, 1264, 1205. 1179, 1117, 1055, 1040, 996, 946, 909, 894, 855, 823. 768. 754. 722. 696, 623. 
602cm -1 ; exact mass calcd for C 19 H 24 N 2 0 6 m/e 376, 1634, obsd m/e 376.1 61 4. 

(1 1 S,1 1 aS)-1 0-Anyloxycarbonyl-7,8-dimethoxy-1 1 -hydroxy-2-methylidene-1 ,2,3,10,1 1 ,1 1a-hexahydro-5H- 
35 pyrrolo[2,1-c][1 ,4]benzodiazeprn-5-one (73) 

[0200] A solution of DMSO (0.75 mL, 0.82 g, 1 0.5 mmol) in CH 2 Cl 2 (27 mL) was added dropwise over 38 minutes 
to a solution of oxalyf chloride (2.64 mL of a 2.0 M solution in CH 2 C1 2 , 5.27 mmol) at -45°C (liq.N^Chlorobenzene) 
under a nitrogen atmosphere. 

40 After stirring at -45°C for 1 h, a solution of the alcohol 72 (1 .1 0 g, 2.93 mmol) in CH 2 CI 2 (27 mL) was added dropwise 
over 1 hour at -45°C. Alter 1 hour at -45°C, the mixture was treated dropwise with a solution of TEA (1 .71 mL, 1 .24 g, 
12,29 mmol) in CH 2 Cl 2 (15 mL) over4C minutes at -45°C. After a further 30 minutes, the reaction mixture was allowed 
to warm to room temperature and was diluted with CH 2 CI 2 (50 mL), washed with IN HCI (50 mL), H 2 0 (50 mL), brine 
(50 mL), dried (MgS0 4 ), filtered and evaporated in vacuo, TLC (80% EtOAc/Petroieum Ether) of the crude material 

45 revealed reaction completion, Purification by flash chromatography (60% EtOAc/Petroleum Ether) furnished the pro- 
tected carbinolamine 73 as a white glass (0.45 g, 41%): [ap D - t-236 51 ° (c = 0.14, CHCI 3 ); 1 H NMR (270 MHz, 
CDCl 3 ) 5 7.23 (s, 1 H). 6.69 (s, 1 H), 5.83-5.81 (m. 1 H). 5.60-5.58 (m, 1 H). 5.34-5 23 (m, 4H), 4.74-4.66 (m, 1 H), 4.50-4.40 
(m, 1H), 4.30 (d, 1H, J- 15.94 Hz), 4 15 (d, 1H, J = 15.93 Hz), 3.96-3 8G (m. 7H), 3.65 (t, 1H, J = 8.61 Hz), 2.92 (dd, 
1H, 16.21. 9.07 Hz), 2.70 (d : 1H, J= 15.94 Hz); 13 C NMR (67.8 MHz, CDCI 3 ) 5 166.7, 156.0, 150.8, 148.4, 141 8, 

so 131 .7, 128.5, 125.2, 118.1 , 112.4, 110.3, 109.8, 85.9, 66.8, 59 6, 56.3 : 56.1 , 50.7, 35.0; MS (El), m/z (relatrve intensity) 
376 (M + - I 2, 6), 375 (M+- + 1 , 22), 374 (M+\ 100), 346 (5), 293 (8), 288 (10), 271 (5), 265 (11), 264 (67), 248 (5). 237 
(5), 223 (10), 220 (9), 209 (6), 208 (42), 207 (14). 206 (70), 192 (7), 190 (5), 180 (17), 179 (16), 165 (8), 164 (15), 153 
(5). 152 (10), 150 (12), 149 (7), 137 (6), 136 (10), 135 (5), 125 (8), 110 (8), 108 (5), 94 (5), 33 (5), 82 (59), 80 (7). : IR 
(CHC! 3 )3275 (br, OH), 3075, 2936, 2351, 1706, 1624, 1604, 1516. 1457, 1436, 1403, 1368, 1312, 1301, 1278. 1262, 

55 1218, 1119, 1074, 1045, 940, 916, 893, 867, 851 , 666, 637 cm 1 ; exact mass calcd for C 19 H 22 N 2 0 6 m/e 374.1478.. 
obsd m/e 374.1687. 
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(11aS)-7 ? 8-Dimethoxy-2-methylidene-1, 2,3,1 1a-tetrahydro-5H-pyrrolo[2,1 -c][1 ,41benzodiazepin-5-one (74, 
UP2064, MMY-SJG) 

[0201 J A catalytic amount of tetrakis(lriphenylphosphme)palladium (32.4 mg, 28 1 umol) was added to a stirred so- 
5 lution of the Alloc-protected carbinolamme 73 (0.42 g r t ,12 mmol), triphenylphospbine (147 mg, 56.2 iimol) and pyr- 
rolidine (83.9 rng, 1.18 mmol) in CH 2 CI 2 (55 ml). After 2.5 hours stirring at room temperature under a nitrogen atmos- 
phere, TLC (95% CHCI 3 /MeOH) revealed the complete consumption of starting material The solvent was evaporated 
in vacuo and the crude residue was purified by flash chromatography (CHCI 3 ) to afford the novel PBD (74, MMY-SJG, 
UP2064) as a yellow oil which was repeatedly evaporated in vacuo with CHCI 3 in order to provide the N10-C11 rmine 
10 form (259 mg r 85%): [a] 22 D - +583.14" (c = 1.42, CHC1 3 ); 1 H NMR (270 MHz, CDCI 3 ) 5 7.69 (d, 1H, J- 4.39 Hz), 7.51 
(s, 1 H), 6.82 (s, 1 H), 5.21-5 1 7 (m : ..-:HV 4.44-4.23 (m, 2H), 3 96-3 81 (m ; 7H) ; 3.1 7-3.08 (m, 1 H), 2.95 (d, 1 H ; J- 14.29 
Hz): 13 C NMR (67.8 MHz, CDC1 3 ) 5 164.7, 162.6 ; 151.5, 147.6, 141.6, 140.8, 119.8, 111.2, 109.4, 109.4, 56.2, 56.1 , 
53. 8, 51 .4, 35.5: MS (ES), m/z (relative intensity) 273 (M + - + 1,16), 272 (M + ", 1 00) : 271 (35), 270 (9) , 255 (5), 243 (7), 
241 (7), 230 (6), 228 (6), 226 (5), 212 (3) ; 192 (4), 191 (16). 165 (4), 164 (19), 163 (4) : 136 (22), 93 (6), 82 (7), 80 (3), 
75 53 (3); IR (NEAT) 3312 (br), 3083 ; 2936, 2843, 1624. 1603, 1505, 1434 ; 1380, 1264, 1217, 1180, 1130, 1096, 1069, 
1007, 935, 895, 837, 786, 696, 666, 594, 542 cm' 1 ; exact mass calcd for C 15 H1 6 N 2 0 3 m/e 2/2.1161, obsd m/e 
272.1154. 

Exam ple 2(d) : Synthes is of the PBD Dimer SJG-136 (UP2001) (see Figure 10) 
[0202] 



25 




30 

(2S)-1 .1 '-[[(Propane-1 ? 3-diyl)d]oxy]bis[(2-nftro-5-methoxy-1 ,4-phenylene)carbonyl]]bis[2-(re^- 
butytdimethylsilyloxymethyl>4-rnethylidenepyrrofidine] (75) 

[0203] A catalytic amount of DMF (2 drops) was added to a solution of the dimer acid 44 (0.66 g, 1 .42 mmol) and 

35 oxaly! chloride (0.31 mL, 0.45 g, 3.55 mmol) in THF (12 mL), The reaction mixture was stirred for 16 hours under 
nitrogen, concentrated in vacuo, and redissolved in THF (1 0 mL) The resulting solution of 6/s-acid chloride was added 
dropwtse to the amine 58 (0.65 g, 2.86 mmol), H 2 0 (0.84 mL) and TEA (0.83 mL, 0.60 g, 5.93 mmol) in THF (2 mL) 
at 0°C (ice/acetone) under nitrogen The reaction mixture was allowed to warm to room temperature and stirred for a 
further 2 hours at which time TLC (EtOAc) revealed reaction completion. After removal of the THF by evaporation in 

40 vacuo, the residue was partitioned between H 2 0 (100 mL) and EtOAc (100 mL). The aqueous layer was washed with 
EtOAc (3 X 50 mL), and the combined organic fayers washed with saturated NH 4 CI (100 mL), brine (100 mL), dried 
(MgS0 4 ), filtered and concentrated in vacuo to give the crude product as a dark orange oil, Purification by flash chro- 
matography (50% EtOAc/Petroleum Ether) afforded the pure amide 75 as a pale yellow glass (0.93 g, 74%): [oc] 21 D = 
-51.1 ° (C= 0,OB, CHCI 3 ); 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) 5 7.77 and 7.74 (s x 2, 2H arofT1 ), 6.81 and 6.76 (s x 

45 2, 2H arorn ), 5.09-4.83 (m, 4H, NCH 2 C-CW 2 ), 4.60 (m : 2H, NC/YCH 2 OTBDMS), 4.35-4.31 (m, 4H, OCH 2 CH 2 CH£>), 
4.08-3 74 (m, 14H, NCHCH 2 OTBDMS, NCH 2 C-CH 2 and OCH 3 ) : 2.72-2.45 (m, 6H, NCH 2 C-CH 2 CH 2 and 
OCH 2 C/7 2 CH 2 0) s 0.91 and 0.79 (s x 2, 18H. SiC(CH 3 ) 3 ), 0.09, -0.09, and -0.12 (s x 3, 12H, S\(CH 2 ) 2 ) ; 13 C NMR (67.8 
MHz, CDCI 3 ) (Rotamers) 6 166 2 (NO=0). 154.7 and 154.5 (C quat ), 148.4 and 148.2 (C t ), 144.1 and 143.2 (C ,), 
137.2 {C qual ), 128.2 and 127.4 (C qua} ), 110.1 and 108.6 (C-H arom ). 109 1 and 108.3 (OH arom ), 107.5 (NCH 2 C-CH 2 ), 

50 65.7 and 65 .5 (OCH 2 CI l 2 CH 2 0) ! 63,9 and 62.6 (NCHCH 2 OTBDMS) : 60.2 (NCHCH 2 OTBDMS), 58.1 and 56 6 (OCH 3 ), 
52.8 and 50.5 (NCH 2 C=CH 2 ), 35.0 and 33.9 (NCH 2 C=CH 2 CH 2 ), 30.8 and 28 6 (OCH 2 CH 2 CH 2 0), 25.8 and 25.7 (SIC 
(^3)3)1 18 2 (SiC(CH 3 ) 3 ), 5.5 and 5.6 (Si(CH 3 ) 2 ); MS (El), m/z (relative intensity) 885 (M+" ? 7), 828 (M- l Bu, 100), 
740 (M-CH^OTBDMS. 20), 603 (3), 479 (26), 391 (27), 385 (25), 301 (7), 365 (10), 310 (14), 226 (8), 222 (13), 170 
(21), 168 (61). 82 (39), 75 (92); IR (NUJOL© ) 2923, 2853, 2360, 1647, 1587 ; 1523 (N0 2 ) ? 1461, 1429, 1371, 1336 

55 (N0 2 ), 1277, 1217, 1114, 1061, 1021, 891, 836 772, 739 cm" 1 . 
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(2S)-1,r-[[(Propane-1 3 3-diyl)dioxy]bis[(2-nrtro-5^methoxy-1 ,4"phenylene)carbonyi]]bts[2-(hydroxymethy0- 
4-methylldenepyrrolidine] (76) 

[0204] A solution of TBAF (3.98 mL of a 1 M solution in THR 3.98 mmol) was added to the tos-silyl elher 75 (1 ,41 g, 
5 1 59 rnmol) in THF (35 mL) at 0°C (ice/acetone). The reaction mixture was allowed to warm to room temperature and 
after a further 30 minutes saturated NH 4 C! (120 mL) was added. The aqueous solution was extracted with EtOAc (3 
X 80 mL). washed with brine (80 mL), dried (MgSO^ filtered and evaporated in vacuo to give a dark orange oil which 
was purified by flash chromatography (97% CHC! 3 /'MeOH) to provide the pure diol 76 as a light orange solid (0,93 g, 
94%) [<x] 19 D - 31 9° (c- 0 09. CHCI 3 ): 1 H NMR (270 MHz, CDC1 3 ) (Rotamers) 5 7.75 and 7.71 (s x 2 t 2H arom ), 6 96 
10 and 6 84 (s x 2, 2H arom ), 5.08, 5.02 and 4.88 (br s x 3 : 4H, NCH 2 C-CH 2 ) t 4.61-4.50 (m, 2H : NCHCM 2 OH) : 4.35-4.33 
(m 4H OCH 2 CH 2 CH 2 0), 4 02-3.65 (m. 14H, NCHCH 2 OH, NCH 2 C-CH 2 and OCH 3 ), 2.88^2.43 (m, 6H, 
NCH 2 C=CH 2 CHfe and OCH 2 Chf 2 CH 2 0); 13 C NMR (67.8 MHz ; CDCl 3 ) (Rotamers) 5 167.9 and 166.9 (NC=0), 154.9 
and 154.3 (C QU3t ). 148.4 and 148.2 (CL,*). 143.3 and 142.6 (C qual ), 137.2 and 137.0 (C quat ), 127.6 and 127.3 (C qual ), 
1 09 1 (C-Hjj, 1 08,4 (NCH 2 C=CH 2 ). 1 08.2 (C-H arom ) ? 65,6 and 65.4 (OCH 2 CH 2 CH 2 0), 64.5 and 63.3 (NCHCH 2 OH), 
15 60 5 and 60 0 (NCHCH 2 OH). 56 8 and 56 7 (OCH 3 ). 52.9 (NCH 2 C=CH 2 ), 35.0 and 34.3 (NCH 2 C=CH 2 CH 2 ), 29.6 and 
28 6 (OCH 2 CH 2 CH 2 0): MS (FAB) (Relative Intensity) 657 (M+- + 1, 10), 639 (M^OH, 2), 612 (1) ; 544 
(M-NCH 2 CCH 2 CH 2 CHCH 2 OH. 4), 539 (1), 449 (16), 433(9). 404 (8), 236 (32), 166 (65), 151 (81), 112 (82), 82 (100); 
|R (NUJOL©) 3600-3200 (br, OH), 2923, 2853 ; 2360, 1618, 1582, 1522 (N0 2 ), 1459, 1408, 1375, 1335 (N0 2 ) t 1278, 
1218, 1061, 908, 810, 757 cm" 1 , 

20 

(2SH j^[[(Propane-1>diyl)dioxy]bisK2-amino^-m^ 
4-methyiidenepyrrolidme] (77) 

[0205] A mixture of the diol 76 (0.98 g. 1 .49 mmol) and SnCI 2 .2H 2 0 (3.36 g, 1 4.9 mmol) in MeOH (35 mL) was heated 
25 at reflux and the progress of the reaction monitored by TLC (90% CHCi 3 /MeOH). After 45 minutes, the MeOH was 
evaporated in vacuo and the resulting residue was cooled (ice), and treated carefully with saturated NaHCQ 3 (120 
mL). The mixture was diluted with EtOAc (120 mL), and after 16 hours stirring at room temperature the inorganic 
precipitate was removed by filtration through celite. The organic tayer was separated, washed with brine (100 ml), 
dried (MgS0 4 ) filtered and evaporated in vacuo to give a brown solid. Flash chromatography (95% CHCI 3 /MeOH) 
30 afforded the pure 5/s-amine77 as an orange solid (0.54 g, 61%): [aJ 19 Q- -31.8 0 [c- 0.30, CHCI 3 ); 1 H NMR (270 MHz, 
CDCI3) 5 6 74 (s. 2H arom ), 6.32 <s, 2H atorn ). 5.00 (br s. 2H, NCH 2 C=CW„), 4.93 (br s. 2H. NCH 2 C=CH 2 ). 4.54 (br s r 2H, 
NCHCH 2 OH) 4 24-4.14 (m, 4H, OOH&H&HfiY 3.98 3.50 (m, 14H t NCHCH 2 OH, H0Hfi^GH 2 and OCH 3 ), 2.76 
(dd 2H J = 8.61. 15,91 Hz. NCH 2 C^-CH 2 CH 2 ), 2.46-2.41 (m, 2H, NCH 2 C=CH 2 CH 2 ), 2.33-2.28 (m, 2H, 
OCH 2 CHdCH 2 0): 13 C NMR (67.3 MH2, CDCI 3 ) 5 171.0 (NC=0), 151.0 (C qual ), 143.5 (C qua1 ), 141.3 (C qua J ( 140 6 
35 (C ~X 112.4 (C-H mm >, 111.9 (C™,). 107.8 (NCH 2 0-CH 2 ), 102.4 (C-H^J, 65.2 (OCH 2 CH 2 CH 2 Ol 65,0 
NCHCH 2 OH) 59.8 (NCHCH 2 OH), 57 1 (OCH,), 53.3 (N^^CH^ 34.4 (NCH 2 C=CH 2 ^ 2 ), 29.0 (OCH 2 CH 2 CH 2 0); 
MS (FAB) (Relative Intensity) 596 (M- 13), 484 (M-NCH 2 CCH 2 CH 2 CHCH 2 OH, 14), 389 (10) : 371 (29), 345 (5), 224 
(3) 206 (44) 166 (100). 149 (24), 112 (39). 96 (34), 81 (28); IR (NUJOL©) 3600 3000 (br, OH), 3349 (NH 2 ), 2922, 
2852,2363, 1615, 1591 (NH 2 ), 1514. 1464, 1401, 1359, 1263, 1216, 1187, 1169, 1114, 1 043, 891 , 832, 761 cm 1 . 

40 

(2S,4R)&(2S,4S)-1 ,1 '-[[(Propane-1 ,3-diyt)dioxy]bts[(2-amino-5-methoxy-1 ,4-phenylene)carbonyt]]bis 
[2-(hydroxymethyl)-4-methylpyrroltdine} (77). 

[0206] A solution of hydrazine (23 mg, 23 uL, 0.72 mmol) in MeOH (5 mL) was added dropwise to a solution of the 
45 diol 76 (95 mg : 0 .1 45 mmot) and Raney Ni (20 mg) in MeOH (1 5 mL) heated at reflux, After 1 hour at reflux TLC (90% 
CHCI 3 /MeOH) revealed some amine formation. The reaction mixture was treated with further Raney Ni (20 mg) and 
hydrazine (23 mg, 23 uL. 0 72 mmol) in MeOH (5 mL) and was healed at reMux for an additional 30 minutes at which 
point TLC revealed complete reaction. The reaction mixture was then treated with enough Raney Ni to decompose 
any remaining hydrazine and heated at reflux for a further 1 .5 hours. Following cooling to room temperature the mixture 
so W as filtered through a sinter and the resulting filtrate evaporated in vacuo. The resulting residue was then treated with 
CH 2 CL> (30 mL), dried (MgS0 4 ). filtered and evaporated in vacuo to provide the bis-amine (77) as a yeilow oil (54 mg, 
63%); 1 H NMR (270 MHz, CDCI 3 ) (diastcrcoisomers) 6 6.73 (s, 2H arom ) ; 6.32 (s, 2H arom ), 4.60-4.30 (m, 2H, 
NCHCH 2 OH) 4.19 (t, 4H, J = 5,87 Hz. OCH 2 CH 2 0H 2 O) 3.78-3.50 (m, 14H, NCHCH 2 OH f NCH 2 CHCH 3 and OCH 3 ), 
2 40-1 55 (m BH, NCH 2 CHCH 3 , OCH 2 CH 2 CH 2 0 and NCH 2 CHCH 3 CH 2 ), 1.00-0.95 (m, 6H, NCH 2 CHCH 3 ); MS (El), 
55 m /z (relative intensity) 600 (M- 16), 459 (46). 345 (16). 206 (13), 186 (17), 180 (31), 166 (37), 149 (6), 142 (76), 100 
(6), 98 (13), 97 (29), 84 (B1), 69 (7). 55 (100) 
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(2S)-1,1'-[[(Propane-1,3-diyl)dioxy]bis[(2^^ 
[2-(hydroxymethyl)-4-methylidenepyrrotidine] (78) 

[0207] Pyridine (0 47 ml_ 0.46 g, 5.82 mmol) was added to a stirred solution of the bis-amine 77 (0.857 g, 1 .44 mmol) 
s in CH,CU (30 mL) at 0°C (ice/acetone). The cool mixture was then treated dropwise with a solution of allyl chloroformate 
(0 33 mL 0 38 g 3 15 mmol) in CH„Ct 2 (10 mL). After 2.5 hours stirring al room temperature, the mixture was diluted 
with CHpCIo (60 mL). washed with IN HCI (2 X 50 mL), H 2 0 (80 mL), brine (80 mL), dried (MgSO,), filtered and evap- 
orated in vacuo. The crude residue was purified by flash chromatography (70-100% EtOAc/Petroleum Ether) to afford 
the allyl cartamale compound 78 as a slightly orange glass (0.548 g, 50%): 1 H NMR (270 MHz, CDCfe) 8 8.58 (br s, 
w 2H, NHL 7.56 (s, 2H aro J, 6.78 (s, 2H arom ), 6.03-5.88 (m, 2H. NC0 2 CH 2 C^CH ) 5^21 (m 4H 
NCO 2 CH 2 CH=CH 2 ),5.00 (br s. 2H, NCH 2 C=CH 2 ), 4.93 (br s, 2H, NCH 2 C=CH 2 ), 4.70-4.57 (m, 4H NC0 2 CH 2 CH.CH 2 X 
4 30-4 25 (m 4H OCH 2 CH 2 CH.O). 4.17-3.90 (m, 8H, NCHCH 2 OH and NCH 2 C=CH 2 ), 3.81-3.54 (m. 8H, NCHCH 2 OH 
and OCH 3 ). 2.76 (dd, 2H, J - 8*52, 15.85 Hz, NCH 2 C=CH 2 CH 2 ). 2.49-2.44 (m, 2H, NCH 2 C=CH 2 CH*) "6-2 28 ; (m 
2H OCHXHoCH 2 0); 13 C NMR (67 8 MHz, CDCI 3 ) 5 170.3 (NC=O amlde ), 153.8 (NC=O carbamaie ), 150.5 (G quat ), 144_a 
is (C .) 143 l"(C ,) 132 5 (NCOoCH,OL=CH 2 ), 130.7 (C ,), 118.1 (NC0 2 CH 2 CH=CH 2 ), 116.8 (C quat ), 110.9 (C- 
H 08 nTh C--CH 2 ) 106.9 (C-H arom ), «-7 (NC0 2 ^ 2 CH=CH 2 ), 65.4 (OCH 2 CH 2 OH 2 0>, 65.1 (NCHCH OH 
598(NCHCH 2 OH), 56.5 (OCH 3 ), 53.9 (n£h 2 C=CH 2 ). 34.2 (NCH 2 C=CH 2 CH 2 ), 29.7 and 29.2 (OCH CH 2 CH 2 0); MS 
(FAB) (Relative Intensity) 765 (M+- + 1, 10), 652 (M-NCH 2 CCH 2 CH 2 CHCH 2 OH, 32), 594 (4), 539 (2), 481 (51), 441 
(31), 290 (3), 249 (13), 232 (38), 192 (83), 166 (49), 149 (32), 114 (100). 

1 ,1 '-[[(Propane-1 ,3-diy l)dioxy]bis[(1 1 S,1 1aS) -10-(allyloxycarbonyl)-1 l-hydroxy-7-methoxy-2-methylidene- 
1^2,3,10,1 1,11a-hexahydro-5H-pyrrolo[2,1-c][1,4]benzodiazepin-5-one] (79) 

ro208] A solution of the b/s-alloc compound 78 (150 mg, 0.196 mmol) in CH 2 CI 2 /CH 3 CN (12 mL, 3:1) was treated 
with 4 A powdered molecular sieves (0.2 g) and NMO (70 mg, 0.598 mmol). After 15 minutes stirring at room Temper- 
ature TPAP (7 mg 19 9 umot) was added and stirring continued for a further 2 hours al which time TLC (95 /<> OHU 3 / 
MeOH) indicated formation, of the fully cyclised product along with the presumed semi-cyciised product 79, and un re- 
acted starting material 78 present in the reaction mixture The mixture was then treated with a further quantity of NMO 
(35 mg 0 299 mmol) and TPAP (3.5 mg, 9 96 umol), and allowed to stir for a further 0.5 hours when TLC revealed 
reaction completion. The solvent was evaporated in vacuoand the black residue was subjected to flash chromatography 
(98% CHCL/MeOH) to provide the pure protected carbinolamine 79 as a white solid (47 mg, 32%): H NMR (270 MHz, 
CDCI 3 ) 6 7.23 (s, 2H arom ), 6.74 (s, 2H aro J, 5.90-5.65 (m. 2H, NC0 2 C H 2 C£CH ), 5.57 f^j=*%£-!^- 
CHOH) 5 26 5.07 (m, 8H, NCH 2 C=CH 2 and NC0 2 CH 2 CH=CH 2 ), 4.67-4.10 (m. 14H NC0 2 C ^H-CH, 
NCH,C=CH 2 , 0CH,CH 2 CH 2 0 and OH), 3.89 (s, 6H, 0CH 3 ), 3.63 (m. 2H, NCHCHOH) 2^91 (dd, & \ J= 8.79_ 15T6 
Hz NCH 2 C-CH 2 Ca), 1.68 (d, 2H, J - 16.10 Hz, NCH 2 C=CH 2 CH,) : 2.42-2.24 (m, 2H, 0CH 2 CH 2 CH 2 0), «C NMR 
(67.8 MHz. CDC 3 ) o 1 66,7 (NC=O amdc ), 150.1 (C quat) , 149.0 (C qual ), 141 7 (C quat ), 1 31 .7 ^0 2 C" CH=CH 2 ), 130.6 
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r ^ 1?RQ^r ) 128 8(C ^Tl8 C 3(NCOoCHoCH-CH ? ), 114.7 (C-H arom ), 1 1 0.7{C-H art>m ), 1 09.B (NCH 2 C=CH 2 ). 
ST NCHCH&Hf 66 9 (NCO ^ChUhJ, £.0 (OC^CH^O). 59.7 (NCHCHOH), 56.1 (OCH3) .5*7 
(NCH 2 C-CH 2 ), 35.0 (NCH 2 C=CH 2 CH 2 ), 29.7 and 29.1 (OCH 2 CH 2 CH 2 0); MS (FAB) (Relative Intensity) 743 (M - 17, 



40 16), 7 2 2 5 "(17) 632 (13). 574 (B), 548 (13), 490 (10), 481 (9), 441 (7), 425 (6), 257 (12), 232 (20) 

149 (100), 91 (59); IR (NUJOL® ) 3234 (br, OH), 2923, 2853, 2361 , 1707, 1604, 1515, 1464, 1410, 1377, 1302, 1267, 
1205, 1163, 1120, 1045, 999, 955, 768, 722 cm- 1 . 

1 ,1 '-[[(Propane-1 ,3-diyl)dfoxy]bis[(1 1 aS)-7-methoxy-2-methyfidene-1 ,2,3,1 1a-tetrahydro-5«-pyrrolo[2,1 -c][1 ,4] 
45 benzodiazepin-5-one] (80, SJG-136) 

[0209} A catalytic amount of lei. akis(lnphenylphosphine)palladium (11 mg, 9.52 umol) was added to a stirred solution 
of the Ws-alloc-carbinolamine 79 (139 mg, 0.183 mmol), triphenylphosphine (4.8 mg, 18.3 umol) and pyrrolidine (27 
m g 0 380 mmol) in CH 2 Cf 2 /CH 3 CN (13 mL, 10:3) at 0"C (ice/acetone) under a nitrogen atmosphere. The reaction 

so mixture was allowed to warm to room temperature and the progress monitored by TLC (95% CHCI 3 /MeOH) After 2 
hours 15 minutes TLC revealed the reaction was complete, proceeding vie the presumed half-imine product 261 to 
give a TLC spot which fluoresced brightly under UV. The solvent was evaporated in vacuo and the resulting residue 
subjected to flash chromatography (98% CHCI3/M0OH) to give the b/s-imine target molecule 80 (SJG-1 36) as a pale 
orange glass (78 mg, 77%) which was repeatedly evaporated in vacuo with CHCI 3 to provide the imine form: fa] D - 

55 + 357 7 • (c = 0 07 CHCI3); Reverse Phase HPLC (C 4 stationary phase, 65% MeOH/H 2 0 mobile phase, 254 nm) 
Retention time = 6 27 minutes. % Peak area = 97.5%; 1 H NMR (270 MHz, CDCI 3 ) (imine form) 5 7.68 (d, 2H J = 4.4 
Hz, HC=N), 7.49 (s, 2H arcm ), 6.85 (s, 2H arom ), 5.20 («, 2H. NCH 2 C=CH 2 ), 5.17 (s, 2H, NCH^CH,), 4 46-4.1 (m, 
4H OCHXH 2 CH„0), 3.92 (s, 6H, OCH 3 ), 3.89-3.68 (m, 6H, NCH 2 C=CH 2 and NCWC=N), 3.12 (dd, 2H, J= 8.61, 



53 



1 -i n'j'n nfto r 



10 



15 



EP 1 193 270 A2 

16 21 H7. NCH 2 C==CH 2 CH 2 ), 2.68 (d, 2H, 16.30 Hz, NCH 2 C=CH 2 CH J? ) f 2.45-2.38 (m, 2H, OCH 2 CH 2 CH 2 0); 13C 
NMR (67 8 MHz CDCl 3 ) (imine form) 5 1 64.7 (NC=0>, 1 62.6 (HON). 1 50.7 (C qual ), 1 47.9 (C quat ), 141 ,5 (C quat ), 140.6 
(C uat ). 119.8 (C cuat ). 111.5 (C-H arom ). 110.7 (C-H arom ), 109,4 (NCH a OCH a ). 65.4 (OC^ 2 CH 2 £T1 2 0), 56.1 (OCH 3 ) 
53 8 (N CHH ON), 51 .4 (NCH 2 OCH 2 ), 35.4 (NCH 2 C=CH 2 CH 2 ), 28.8 (OCH 2 CH 2 CH 2 0); MS (FAB) (Relative intensity) 
(imine form) 773 (M+- + 1 + (Thioglycerol adduci X 2), 3), 665 (M+- + 1 +■ Thioglycerol adducL 7), 557 <M + " + 1,9)= 464 
(3) 279 (12), 257 (5). 201 (5). 185 (43) f 166 (6), 149 (12), 93 (100); IR (NUJOL© ) 3600-3100 (br, OH of carbtnolamine 
form), 2923, 2849, 1599. 1511 , 1458, 1435, 1391, 1277, 1228, 1054. 1011 , 870, 804, 761,739 err;- 1 . 

A lternative Synthesis of UP200 1 , SJG-1 36 (80) (see Figure 11) 

[0210] UP2001 was also prepared by an alternative synthesis based the bis -ketone 52 (see Example 11(f)). 

1 h 1 '-[[(Propane^ t 3-diyl)dioxy]bis[2-amino^N-allyloxycarbonyl-5-methoxy-1 ,4-phenylene)carbonyl]]-bis[(2S)- 
2-t-butyldimethylsilyJoxymethyl-4-methylidene-2,3-dihydropyrrole] (206) 

[021 1] A solution of potassium-f-butoxide in dry THF (0.5 M, 4 00 mL, 2.00 mmo!) was added to as suspension of 
methylthphenylphosphonmm bromide (0.71 6 g, 2.00 mmol) in dry THF (2.00 mL) . The resulting yellow yhde suspension 
was allowed to stir at 0"C for 2 hours before the addition of a solution of the bis-ketone 52 (0,50 g, 0.50 mmol) in THF 
(10 mL) al 10°C. The reaction mixlure was allowed to warm Lo room temperature and stirring was continued for a 

20 further hour. , 

The reaction mixture was partitioned between ethyl acetate (15 mL) and water (15 mL) and the organic layer was 
washed the sat sodium chloride (20 mL) and dried over magnesium sulphate. Removal of excess solvent gave a brown 
oil that was subjected to flash column chromatography (50% ethyl acetate, 50% 40-60* petroleum ether) to afford the 
product as a yellow glass 206 (250 mg, 51 %). [nf** D = -32 - (c 0.265, CHCI 3 ). 1 H NMR (CDCI 3 ): 5 0.00 (s, 1 2H), 0.88 

25 ( 6 , 18H), 2.37^2,40 (m, 2H), 2.69-2.75 (m, 4H), 3.80-4.62 (m. 20H), 4.61-4 63 (m, 4H), 4.98 (bs, 4H), 5.30-5.38 (m ; 
4H), 5.94-6.00 (m, 2H) S 6 81 (s ; 2H), 7 84 (s, 2H), 8.80 (bs, 2H). 

1 ,1 '-[[(Propane-1 ,3-diy l)dioxy]bis[2"amino-N-altyloxycarbonyl-5-methoxy-1 ,4^phenylene)carbonyl]]-bisf(2S)- 
2-hydroxymethyl-4-methyl!dene-2,3-dthydropyrrole] (78) 

[0212] An aliquot of hydrogen fluoride/pyndine complex (0 8 mL. 70% HF. 30% pyridine) was added to a solution of 
the bis-silyl ether 206 (285 mg, 0.287 mmol) in THF (1 0 mL) at 0°C under a nitrogen atmosphere. Stirring was continued 
at 0*C for 30 minutes and the reaction mixture was then allowed to rise to room temperature over a 1 hour period The 
reaction mixture was neutralised with sodium bicarbonate and extracted with dichloromethane (3 x 30 mL). The conv 
bmed organic phase was washed with brine and dried over magnesium sulphate. Removal of excess solvent under 
reduced pressure afforded the product 78 as a yellow gum (21 8 mg). 

1,1' [[{Propane-1 ,3-diyl)d^ 

1 ^2 T 3,1 0,11,11 a-hexahydro-5H-pyrrolo[2,1 -c] [1 ,4-benzodiazepin-5-one] (79) 

[021 3] A solution of dimethyl sulphoxide (0.55 mL, 7,75 mmol) in dry dichloromethane (1 0 mL) was added dropwise, 
over a 15 minute period, to a stirred solution of oxalyl chloride {0.32 mL, 3.67 mmol) in dichloromethane (10 mL) at - 
45«C under a nitrogen atmosphere. The reaction mixture was allowed to stir for 35 minutes at - 45°C followed by 
addition ot the diol 78 (1.01 g. 1 32 mmol) in dichloromethane (10 mL), at the same temperature, over 15 minutes. 
45 After a further 45 minutes a solution ot triethylamine (1.50 mL, 10.76 mmol) in dichloromethane (10 mL) was added 
over a period of 15 minutes. The reaction mixture was allowed to stir at - 45*C for 30 minutes before being allowed to 
warm to room temperature over 45 minutes. The reaction mixlure was diluted with water and the phases were allowed 
to separate. The organic phase was washed with 1 M HCi (3 x 50 mL), sat. sodium chloride (50 mL) and dried over 
magnesium sulphate. Removal of excess solvent yielded the crude product, which was purified by flash column chro- 
50 matography (1 .5% methanol 98.5% chloroform) to afford the product 79 (0.785 g, 77%). 

1 ,1 '[[(propane-1 ,3 diyl)dioxy]bis[(1 1 aS)-7 methoxy-2-methylidenc-l ,2,3,1 1a-tetrahydro-5H-pyrrolo[2,1 -c] [1 ,4] 
benzodiazein-5-one] (80, SJG-136) 

55 [0214] A catalytic amount of tetrakis(tnphenyiphosphine)palladium (21 mg. 0.018 mmot) was added to a stirred so- 
lution of the te-alloc-carbinolamme 79 (250 mg, 0.33 mmol) triphenylphosphine (1 0 mg, 0.033 mmol) and pyrrolidine 
(0 05 ml 0 66 mmol) in dry CH 2 C\ 2 (30 mL) at 0"C (ice/acetone) under a nitrogen, atmosphere The reaction mixture 
was allowed to stir for 2 hours before warning to room temperature over 1 hour.. The solvent was evaporated under 
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reduced pressure and the resulting residue subjected to Nash chromatography (98% CHCI 3 /MeOH) to give the bis- 
imine target molecule 80 (SJG-136). 

Example 2(e) : Synthesis of 1 ,1'[[(pentane-1 ,5-diyl)dioxv 1b isrf11aS)-7-methoxy-2-methylidene-1 ,2,3,11a- 
5 tetrahydro-SH-p y rroio^l-cKI /Tjbenzodiazepin-S-one] (218) (see Figure 12a/b) 



[0215] 



10 




p re p a rat km of Nitro Dinner Cor e 
20 1 ' ^'-Bis^-methoxy-^JrnethoxycarbonyOphenoxyJpentane (208) 

[0216] Neat diethyl azidodfcarboxylate (1 9.02 mL ! 21 .04 g, 1 20.3 mmol) was added dropwise over 30 minutes to a 
stirred solution of methyl vaniilate (206) (20 g, 1 09.8 mmol) and triphenylphosphsne (43.2 g : 1 64 7 mmol) in anhydrous 
TH F (400 ml_) and the reaction mixture was allowed to stir at 0°Cf or 1 h, The cold reaction mixture was treated dropwise 

?s over 20 minutes with a solution of 1 ,5 pentanedio! (207) (3.83 ml_ ; 4.03 g, 53.0 mmol) in THF (4 mL) The reaction 
mixture was allowed to stir overnight at room temperature and the precipitated product (208) was collected by vacuum 
filtration Dilution of the filtrate with methanol precipitated further product (208). The combined precipitate (12,3 g, 52 
% based on pentanediol) was used in the next step without further purification: 1 H NMR (270 MHz : CDCl 3 ) 6 7.65 (dd ; 
2H, J= 2 01 : 8 4? Hz), 7 54 (d, 2H, J= 2.01 Hz) r 6.87 (d, 2H : J- 8.42 Hz), 4 10 (t, 4H, J=* 6.59 Hz) : 3.90 (s, 6H), 3 89 

30 ( S 6H), 2,10-1 ,90 (m, 4H), 1 .85-1 .26 (m, 2H). 

IVB'-Bis^-methoxy^^mcthoxycarbonylVS-nitrophenoxyJpentane (209) 

[0217] Solid copper (II) nitrate trihydrate (16.79 g, 69.5 mmol) was added slowly to a stirred solution of the bis-ester 
35 (208) (12 g. 27 8 mmol) in acetic anhydride (73 mL) at 0 C C. The reaction mixture was allowed to stir for 1 hour at 0°C, 
the ice bath was removed and the reaction mixture was allowed to warm to room temperature a mild exotherm, c. 
40°C : accompanied by the evolution of N0 2 occurred at this stage. After the exotherm had subsided stirring at room 
temperature was continued for 2 hours. The reaction mixture was poured into ice water and the aqueous suspension 
allowed to stir for 1 h. The resulting yellow precipitate was collected by vacuum filtration and dried in air to afford the 
40 desired bis nitro compound (209) (14.23 g, 98 %): "'H NMR (400 MHz, CDCI 3 + DMSO) 6 7.45 (s, 2H), 7,09 (s, 2H), 
4.14 (t, 4H ; J= 6.31 Hz), 3.97 (s, 6H) f 3.90 (s, 6H), 2.20-1 .94 (m, 4H) f 1 .75-1 70 (m, 2H). 

1',5 -Bis(4-carboxy-2-methoxy-5-nitrophenoxy) pentane (210) 

45 [0218] A suspension of the ester 209 (9.0 g, 17.2 mmol) in aqueous sodium hydroxide (1 M, 180 mL) and THF (180 
mL) was allowed to stir until a homogenous solution was obtained (2 days). THF was evaporated under reduced 
pressure and the resulting aqueous suspension was filtered to remove any unreached starling material. The filtrate was 
adjusted to pH 1 : the precipitated product was collected by filtration and air dried to afford the desired bis-acid (210) 
(8.88 g). A higher than theoretical yield was obtained due to the inclusion of the sodium salt of acid. The salt may be 

50 removed by dissolving the bulk of the materia! in THF and removing the insoluble material by filtration; 1 H NMR (400 
MHz : CDCI 3 ) 5 7.39 (s, 2H), 7.16 (s, 2H), 412 (t, 4H. J *= 6.59 Hz), 3.95 {s, 6H), 2.00-1.85 (m, 4H), 1 .75 1 .67 (m, 2H). 

A ssemblmg the Bis Ketone Intermediate 

55 1 ,1 '-[[(Pentane-1 ,5~diyl)dioxy]bis[2-nrtro-5-methoxy-1 t 4-phenylene)carbony l]]»bis[(2S,4/7)-2-t- 
butyldimethylsilyloxymethyl-4-hydroxypyrrolidirte] (211) 

[0219] A catalytic amount of DMF (5 drops) was added to as stirred suspension of the acid 210 (5.39 g 1 10.9 mmol) 
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and oxalyl chloride (3.47 g, 2.38 ml_, 27.3 mmol) in anhydrous THF (50 rnl_). Initial effervescence was observed followed 
by the formation of a homogenous solution, however after stirring overnight a suspension of the newly formed acid 
chloride was formed. Excess THF and oxalyl chloride was removed by rotary evaporation under reduced pressure and 
the acid chloride was resuspended in fresh TH F (49 mL) . The acid chloride solution was added dropwise to a solution 

5 of Ihe {2$, 4R)"2^-buty[dimethylsilyloxymethyl-4-hydroxypyrrolidtne (2) (6,3 g, 27.3 mmol) : triethylamme (4.42 g, 6.09 
mL. 43.7 mmol) and water (1 .47 mL) in THF (33 mL) at 0°C under a nitrogen atmosphere. The reaction mixture was 
allowed io warm to room temperature and stirring was continued for 3 m Excess THF was removed by rotary evaporation 
under reduced pressure and the resulting residue was partitioned between water (300 mL) and ethyl acetate (300 mL). 
The layers were atlowed to separateand the aqueous layer was extracted with ethyl acetate (3 x 1 50 mL) . The combined 

10 organic layers were then washed with ammonium chloride (150 mL), sat, sodium bicarbonate (150 mL), brine (150 
mL) and dried over magnesium sulphate. Filtration followed by rotary evaporation under reduced pressure afforded 
the crude product as a dark oil. 

The crude product was subjected to flash column chromatography (3% methanol, 97% chloroform) and removal of 
excess eluent isolated (211) (3 70 g. 37% yield): 1 H NMR (270 MHz, CDCI 3 ) 5 7.65 (s, 2H) : 6.77 (s, 2H) t 4.52 (b Sj 2H), 
15 4,40 (bs, 2H), 4 17-4.10 (m, 6H), 3.92 (s, 6H), 3.77 (d, 2H, J 10.26 Hz), 3,32 (td, 2H : J = 4.40. 11.35 Hz), 3 08 (d s 
2H, J = 11 35 HZ), 2,37-2.2/ (m, 2H), 2.10-2.00 (m, 6H), 1.75-1.60 (m, 2H) 5 0.91 (s, 18H), 0.10 (s, 12H). 

1 ,1 '-[[(Pentane-1 ,5-dlyl)dioxy]bts[2-amino-5-mettioxy-1 ,4-phenylene)carbonyt]]-bis[(2S,4F?)-2-t- 
butyldimethy lsilyloxymethyt-4-hydroxypy rrolidine) (21 2) 

20 

[0220] A methanoMc solution of hydrazine hydrate (1 .25 mL, 1 .29 g, 40.2 mmol of hydrazine, 20 mL of methanol) 
was added dropwise to a solution of the bis-nitro compound 21 1 (3.6 g, 3.91 mmol) in methanol (63 mL) gently reftuxing 
over Raney nickel (510 mg of a thick slurry). After 5 minutes at reffux TLC (10% MeOH t 90% chloroform) revealed the 
fncomplcte consumption of starting material The reaction mixture was treated with additional Raney nickel (c 51 0 mg) 

25 and hydrazine (1 .25 mL) in methanol (20 mL) resulting in complete consumption of starting material. Excess Raney 
mckel was added to the reaction mixture to decompose unreacted hydrazine hydrate and the reaction mixture was 
then allowed to cool. The reaction mixture was filtered through celite to remove excess Raney nickel and the filter pad 
washed with additional methanol (Caution! Raney nickel is pyrophoric, do not allow filter pad to dry : use cone. HCI to 
destroy nickel) The combined filtrate was evaporated by rotary evaporation under reduced pressure and the residue 

30 re-dissolved in dichloromethane. The dichloromethane solution was dried over magnesium sulphate (to remove water 
associated with the hydrazine), filtered and evaporated to afford the product (212) as a foam (3.37 g, 91%): 1 H NMR 
(270 MHz, CDCI 3 ) 5 6.69 (s. 2H), 6.24 (s, 2H), 4.40-3.40 (m. 28H), 2.40-1 .60 (m, 10H), 0.88 (a, 18H), 0.03 (s, 12H), 

1 ,1 '-[[(Pentane-1 ^-diyOdioxylbis^-amtno-N-allyloxycarbonyl-S-methoxy'l ,4-phenylene)carbonyl]]-bis[(2S, 
35 4/?)-2-t-buty!dimethylsilyloxymethyl-4-bydroxypyrro?idine] (213) 

[0221] A solution of allyl chloroformate (0.806 mL 0.916 g, 7.6 mmol) in dry dichloromethane {63 mL) was added : 
dropwise, to a solution of the bis -amine 21 2 (3.27 g, 3.8 mmol) and pyridine (1 .26 g, 1 .29 mL 1 5.9 mmol) in dichlo- 
romethane (1 28 mL) at 0°C under a nitrogen atmosphere. The reaction mixture was allowed to warm to room temper- 

40 ature and to stir for 16 h. At which time TLC (10% MeOK 90% Chloroform) revealed reaction to be complete. The 
reaction mixture was diluted with dichloromethane (40 mL) and washed with sat. copper II sulphate (2 x 140 mL), water 
(120 mL) and sat. sodium chloride (120 mL). The organic phase was dried over magnesium sulphate, filtered and 
evaporated under reduced pressure to afford 213 as a foam (3.60 g, 92%): 1 H NMR (270 MHz, CDC l 3 ) 5 8.87 (bs T 2H), 
7 66 (s, 2H), 6.77 (s. 2H), 6.05-5.80 ( m , 2H) S 5.40-5.15 (m, 4H), 4.70-4.50 (m, 6H), 4,38 (bs> 2H), 4.20-4.00 (m, 4H), 

45 3,78 (s, 6H) r 3.70-3.40 (m, 8H), 2.40-2.20 (m, 2H), 2.10-1 .80 (m, 6H) T 1 .75-1 55 (m, 2H) ; 0.89 (S t 1 3H), 0.04 (s, 1 2H). 

1,r-[[(Pentane-1,5-dtyl)dioxy]bis[2-amino^ 
2-f-butyldirnethylsi1ytoxymethyt-4-oxo-pyrrolidine] (214) 

so [0222] A solution of dimethyl sulphoxide (1 .47 mL, 1 .62 g. 20,7 mmol) in dry dichloromethane (32 mL) was added 
dropwise over 45 minutes to a stirred solution of oxalyl chloride (5.1 8 mL of a 2 M solution in dichloromethane, 1 0.35 
mmol) at - 60°C under a nitrogen atmosphere. After stirring at - 50°C for 30 minutes, a solution of the bis-a!cohol 213 
(3,55 g T 3.45 mmol) in dichloromethane (53 mL) was added dropwise over a period of 50 minutes. The reaction mixture 
was allowed to stir at -60°C lor 30 minutes prior to the dropwise addition of a solution of triethylamine (4.75 g, 6.54 

55 mL, 46.9 mmol) In dichloromethane (27 mL). Stirring was continued at - 60°Cfor45 minutes and then allowed to warm 
to 0°C. The reaction mixture was diluted with dichloromethane (20 mL), washed with cold 1 M HCI (2 x 100 mL), sat 
sodium chloride (100 mL) and dried over magnesium sulphate Removal of excess solvent afforded the crude bis- 
ketone which was purified by flash column chromatography (50% ethyl acetate, 50% 40-60° petroleum ether) to yield 
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the pure bis-ketone (214) as a pale yellow foam (2 54 g, 72%): 1 H NMR (270 MHz ; CDCI 3 ) 5 8.69 (bs, 2H), 7.78 (s, 
2H), 6.75 (s, 2H), 6.05-5.80 (m, 2H), 5.40-5.20 (m, 4H), 4 65 4.60 (m, 4H), 4.20-3,60 (m, 20H), 2.74 (dd, 2H, J- 9.25, 
18.1 Hz). 2.51 (d,2H, J - 17.4 Hz), 2.00-1.90 (m. 4H). 1.75-1.65 (m, 2H), 0 87 (s. 18H), 0.05 (s. 12H). 

i Elaboration of bis Ketone and Preparation of the Target Molecule 

1 ,1 '-[[(Pentane-1 ,5-diyl)dioxy]bis(2-amino-N-aHy!oxycarbony[-5^methoxy-1 ,4-phenytene)carbonyl]]-bis[(2S)- 
2-^butyld^rrlethyls^lyloxyrnethyl-4-methylidene-2 > 3-dihydropyrrole] (215) 

10 [0223] A solution of potassium- f-butoxide in dry THF (0.5 M, 25.2 mL, 12.6 mmoi) was added dropwise to a suspen- 
sion of methyltriphenyfphosphoniurn bromide (4.50 g s 1 2.6 mmoi) in dry THF (1 5 mL). The resulting yellow ylide sus- 
pension was allowed to stir at 0°C for 2 hours before the addition of a solution of the bis-ketone 214 (2.48 g r 2,42 
mmoi) in THF (10 mL) at 10*0. The reaction mixture was allowed to warm to room temperature and stirring was 
continued for a further hour. 

is The reaction mixture was partitioned between ethyl acetate (100 ml) and water (100 mL) and the organic layer was 
washed with sat. sodium chloride (200 mL) and dried over magnesium sulphate. Removal of excess solvent gave a 
brown oil that was subjected to flash column chromatography (50% ethyl acetate : 50% 40-60° petroleum ether) to 
afford the product (215) as a yellow glass (865 mg, 35%): 1 H NMR (400 MHz, CDCI 3 ) 'o 8.90 (bs, 2H), 7 83 (s, 2H), 
6.82 (s t 2H), 6.05-5.90 (m. 2H), 5.40-5 20 (m, 4H), 4.99 (bs, 2H), 4,91 (bs, 2H) t 4.65-4.60 (m, 4H), 4.20-3.60 (m, 20H), 

?0 2.70 (bs, 4H), 2.00-1.90 (m, 4H), 1.75-1.63 (m ( 2H) t 0.88 (s, 18H), 0.03 fs, 12H). 

1 ,1 '-[[{Pentane-1 r 5-diyl)dioxy]bis[2-amino-N-atlytoxycarbonyl-5-methoxy-1 Aphenylene)carbonyl]]-bis[(2S)- 
2-hydroxymethyl-4-methylidene~2,3-dihydropyrrole] (216) 

25 [0224] A solution of TBAF (3.02 mL of a 1 M solution in THF, 3.02 mmoi) was added to the bis-stlyi ether (215) (1 .23 
g 3 1 .21 mmoi) in THF (30 mL) at 0°C (ice/acetone). The reaction mixture was allowed to warm to room temperature 
and to stir overnight, the foflowing day, TLC (50:50 EtOAc/Pet^Elner 40°-60°) revealed the complete disappearance 
of starting material. Saturated NH 4 CI (150 mL) was added and the reaction mixture extracted with EtOAc (3 X 60 ml), 
washed with sat sodium chloride (150 mL), dried (MgSQ 4 ) 3 filtered and evaporated in vacuo to give a yellow oil. Pu- 

30 rificatton by flash chromatography (97% CHCi 3 / 3%MeOH) provided the pure alcohol (216) (916 mg, 96%): 1 H NMR 
(400 MHz, CDCI 3 ) 5 8.61 (bs. 2H), 7.58 (s. 2H), 6.79 (s, 2H), 6.05-5.90 (m. 2H), 5.40-5,20 (m, 4H), 5 01 (bs. 2H). 4.93 
(bs ; 2H) 4,65-4.60 (m, 4H), 4.20-3.60 (m, 20H).2.76 (dd, 2H, , J~ 8.42. 15.74 Hz), 2.47 (d, 2H, J- 15,93 Hz), 2.00-1 .90 
(m, 4H). 1 .80-1 .63 (m } 2H). 

35 1 ,1 '[[(Pentane-1 >diy!)dioxy]bis(1 1 S T 1 1 aS)-1 0-(atlyioxycarbonyl)-1 1 -hydroxy-7-methoxy-2-methylidene- 
1 ,2,3,1 0,11 ,1 1a-hexahydro-5tf-py rrolo[2,1 -c][1 ,4-benzodiazepin-5-one] (21 7) 

[0225] A solution of dimethyl sulphoxide (0.57 mL, 0 S3 g, 8.07 mmol) in dry dichloromethane (1 7 mL) was added 
dropwise, over a 40 minute period, to a stirred solution of oxalyl chloride (2 02 mL ( of a 2 M solution, 4.04 mmoi) at - 

40 45°C under a nitrogen atmosphere. The reaction mixture was allowed to stir for 40 minutes at - 45°C followed by 
addition of the dtol 216 (0.89 g, 1.12 mmoi) in dichioromethane (17 mL), at the same temperature, over 15 minutes. 
After a further 60 minutes a solution of trsethylamine (1 .31 mL, 9.42 mmoi) in dichloromethane (9 mL) was added over 
a penod of 40 minutes, The reaction mixture was allowed to stir at - 45°C for 40 minutes before being allowed to warm 
to room temperature over 45 minutes. The reaction mixture was diluted with water and the phases were allowed to 

45 separate. The organic phase was washed with 1 M HCi (2 x 40 mL), water (40 mL), sat. sodium chloride (40 mL) and 
dried over magnesium sulphate. Removal of excess solvent yieided the crude product, which was purified by flash 
column chromatography (1% methanol, 99% chloroform) to afrord the product 217 (0.175 g, 20%): 1 H NMR (400 MHz, 
CDCI3) 6 7.22 (s, 2H), 6.65 (s, 2H), 5.82-5.70 (m, 2H), 5.58 (d, 2H, J= 9.70 Hz), 5.25-5.00 (m, BH), 5.75-4.35 (m, 4H), 
4.30 (d,2H : J- 1 6,10 Hz), 4,15 (d, 2H, J= 17.03 Hz), 4.01 (1, 4H, J- 6.32 Hz), 3.90 (s, 6H), 3 64 (t, 2H, J = 8.70 Hz), 

50 3.00-2 85 (m, 2H), 2,71 (d, 2H. J 16,29 Hz), 2 00-1 .85 (m, 4H), 1 .70-1 .60 (m, 2H). 

1 ,1 '[[(pentane-1 ,5-diy l)dioxy]bis[(1 1 aS)-7-methoxy-2-methylidene-1 f 2 T 3,1 1 a-tetrahydro-5H-py rrolo[2 T 1-c][1 ,4] 
benzodiazepin-5-one] (218) 

55 [0226] A catalytic amount of tetrakis(trjphenylphosphine)palladium (1 3 mg, 11 2. mmol) was added to a stirred solution 
of the bis-alloc-carbinolamine (217) (170 mg : 0 22 mmol), triphenyfphosphine (5.7 mg, 21 .6 mmol) and pyrrolidine (31 
mg, 37.3 ml 0.45 mmol) in DCM (13 mL) at 0°C (ice/acetone) under a nitrogen, atmosphere. The reaction mixture 
was allowed to warm to room temperature and the progress of reaction monitored by TLC (95% CHCI 3 /MeOH). After 
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2 hours TLC revealed the reaction was complete to give a spot, which fluoresced brightly under UV light. The sofcen* 

3 12 (dd, 2H, J = 8 97, 15.93 Hz), 2.95 (d, 2H, J = 15.93 Hz). 2.00-1.85 (m, 4H), 1.72-1.67 (m. 2H). 
Examejgjffij Synth esis of PBD with ketone o nCjjnai.172, UP-2067) (seeFigurejj} 



45 



50 



55 



[0227] 



BnO 



MeO 




(2 S)<4R)-N-[4-ben 2y ^ 
4-hydroxypyrrohdine (168) 

Te8 (22 01 q S3 ? mmol. 89%) which was used in the subsequent react.on without further Pupation. HH NMB (270 

(s 9H)- 0 04(s. 6H). 13 C NMB (67.8 MHz, CDCI 3 ) 5 169.2, 1 52.1 , 150.2, 1 36.1 , 128.6, 128.1 . 127.7, 111 .6, 106.2, 95.2, 
74.4 ; 70 7, 70.5, 62.1 , 67.2, 56.4, 35.4, 25.8, 18.1 , -5.46. 

<2S)-N-[4-benzyloxy-5-methoxy-2-(2 l , 2', 2-trichloroethoxy)carbonyl amino]-2-(tert- 
butyldimethylsilyloxymethyl)-4-oxopyrrolidine (169) 

rn „„ A <, 0 | lJtio nofDMSO(7 80 q 99 8 mmol) in dry dichloromethane (1 8 mL) was added dropwise, over 30 minutes 
o o 3y?c^SS 9 g 49.9 J) in dry dichloromethane (25 mL) at - 45-C undera nitrogen a m ospbe 

and the reaction mixture allowed to st,r at -45°C for 15 minutes. Tne rea ctton -xture was a lowe to warm ^ to room 
temperature, diluted with water (1 50 mL) and the organic phase ^ ^1^^ vaT.o to 

and brine L >0 mL) The organic phase was dried over magnesium sulphate, filtered and conco mratea ,n 
"old the crude product which washed to column chromatography ^ethyl 

Removal ot excess eluent afforded the product (20.15 g, 92% yield) M NM R (27 0 M CDC y , 7 ( 
25. 8 : 18.0, -5.7. 

^ 2 S)-N44-benzylox y -5.methox y -2- ( 2^2^2•-thchloroethoxy)carbonylamino]-2-(hydroxym e th y l)- 
4-oxopyrroHdine (170) 

[02 30] Glacia, acetic, acid ,60 mL) and water (20 mL) were added to a solution of Ketone 169 (9^ 1 4^mrnol) in 
THF (20 mL) and the reaction mixture allowed to stir for 3 hr. (reaction complete by ' TL.CL The eact on rroxi 
diluted with dichloromethane (200 mL) and neutralized dropwise with sat. sod.um bicarbonate (1.5 L) in a 5 L 
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(eftervescencei) The phases were allowed to separate and the aqueous layer extracted with dichloromethane (2 x 
1 00 mL) The combined organic layers ware washed with brine and dried over magnesium sulphate. Removal of excess 
solvent afforded the crude product which was subjected to column chromatography on silica (ethyl acetate/40-60 pe- 
troleum ether. 50:50) to give the pure product (6.44 g, 83%). 1H NMR (270 MHz, CDCI 3 ) 5 8.77 (bs, 1 H); 7.57 (s, 1H), 
5 7 46-7 28 (m 5H); 6.83 (s,1 H) 5.13 (a, 2H); 4.85-4.70 (m, 3H); 4.07-3.60 (m, 7H); 2,77 (dd, J = 18.5, 9.5 Hz, 1 H); 2.54 
(d, J = 18.5Hz, 1H). 13 C NMR (67.8 MHz, CDCI 3 ) 8 209.0, 169.4, 152.3, 150.6, 145.5, 136.0. 130.0, 128.6, 128.3, 
127,6, 110.9, 107.4, 95.2, 74.5, 70.8, 64,4, 60.4, 56.6, 55.9, 39.5. 

(11s, llaSH-benzyloxy-ll-hydroxy-S-methoxy^-oxo-IO-^'^, 2 l 4richloroethoxy)carbony.-ainino 1, 10, 11, 
10 1 la-tetrahydro-5H-pyrrolo-[2,1-c][1 ,4]beri7odiazepin-5-one (171) 

r0231] A solution of DMSO (4.45 g. 4.04 mL. 56 9 mmol) in dry dichloromethane (25 mL) was added dropwise, over 
5 minutes, to a solution of oxalyl chloride (3.58 g, 49,9 mmol) in dry dichloromethane (14 mL) at -60»C under a nitrogen 
atmosphere and the reaction mixture allowed to stir for a furlher 1 5 minutes. A solution of the substrate 1 70 (1 0.93 g, 

15 20 0 mmol) in dichloromethane (25 mL) was added dropwise over 30 minutes to the reaction mixture, which was then 
allowed to stir for 30 minutes at -60°C. Finally, neat triethylamine (11 .15 g, 232.9 mmol) was added dropw,se over 30 
minutes and the reaction mixture allowed to stir at -60°C for 15 minutes. The reaction mixture was allowed to warm to 
room temperature, diluted with water (150 mL) and the organic phase washed with dilute HCI (1 N , 1 00 mL) , water (1 00 
mL) and brine (100 mL). The organic phase was dried over magnesium sulphate, filtered and concentrated in vacuo 

20 to afford the crude product which was subjected to column chromatography (ethyl acetate/40-60 petroleum ether, 50: 
50) Removal of excess oluent afforded the product 171 (9,66 g, 89 % yield). ""H NMR (270 MHz, CDCI 3 ) 5 7.45-7.33 
(m 5HV 7 27 is 1H): 6.95 (s, 1 H): 5.76 (d, J - 9.9 Hz, 1 H); 5.52- 5.00 (m, 3H), 4.33 <d, J = 6.8 Hz, 1 H); 4.30 (d, J - 
19 2 HZ 1HV 4.00-3 70 (m 5H); 2.93 (dd, J - 20.0, 10.4 Hz, 1H); 2.94 (d, J = 20,0 Hz, 1H). «C NMR (67.8 MHz) 5 
207.7, 167.5.' 154.5, 152.6, 150.8, 149.6, 135.8, 128.9-127,3, 124.0, 114.5, 110.8, 95.0, 86.6, 75.0, 71.1, 56.8, 56.2, 

35 52.6, 40,2. 

(1 1 aS)-4-benzyloxy-5-methoxy-4-oxo-1 ,10,11,11 a-tetrahydro-5H-pyrrolo[2,1 -c][1 ,4]benzodiazepin-5-one (172) 

r02321 Cadmium/lead couple (1 .1 5 g) was added to a solution of cyclized ketone (1 g, 1 .84 mmol) in THF (5 mL) and 
30 aqueous ammonium acetate (1N, 15 mL). The reaction mixture was allowed to stir for 90 minules and then filtered 
through celite . The celite pad was washed with ethyl acetate (2 x 25 mL) and the organic layer separated. The organic 
layer was washed with brine (50 mL) and dried over magnesium sulphate, Removal of < *^^*J° n ™* 
column chromatography afforded the pyrrolobenzodiazepine 172 (0.324 g, 0.93 mmol). iH NMR (270 MHz CDCl 3 I 8 
7 75 (d J - 4 4 Hz 1HV 7 51 (S 1 H); 7.46-7.27 (m. 5H): 5.23 (d, J = 12.3 Hz, 1H); 5.17 (d, J = 1 2.3 Hz, 1H), 4.24-4.40 
35 (m 3H) 396 (s. 3H), 3.1 2 (dd, J = 19.6. 8 8 Hz, 1H); 2.99 (dd, J = 5.0 Hz, 1H). «C NMR (67.8 MHz) S 206.7, 165.5, 
161.4, 151.1, 148.5, 140 .5, 136.0, 128.7-127.1, 118.9, 111.7, 111.3,70.9.55.4,53.4, 51.0,40.0. 

Example 2( g) Synthesis of fli a S)-8-Benzvloxv-7-methoxy-2 -(4-methoxy benzyfidene-1 ,2,3,1 la.-tetrahydr o: 
5H-pyrrolo[2 ,1-c) [1,41benzodiazepme-5-one (185) (see Figure 14) 



40 



[0233] 




55 



(2S)-W-[(2-atlyloxyc a rbanylamino)-4-b e nzyloxy-5-methoxy]-2-(fertbuty!dimethylsilyloxymethyl). 
4-methylidenepyrrolidine (182) 

[0234] The Witlig reagent, 4-methoxybenzylphosphonium bromide (3.686 g, 0 88 mmol) was added portionwise to 
a suspension of sodium hydride (352 mg of a 60% dispersion, 8 80 mmo!) in anhydrous toluene (25 mL) under a 
nitrogen atmosphere at 0°C. The mixture was allowed to warm to room temperature and then heated at reflux tor 30 
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minutes. The colour of the reaction mixture darkened progressively from yeflow through to orange. At This stage a 
solution of the ketone (6 - see Example 1a) (0.5 g, 0 88 mmoi) in dry toluene (25 mL) was added dropwise to the 
reaction mixture at reflux. After 10 minutes TLC (50% ethyl acetate, 50% 40 - 60° petroleum ether) revealed the com- 
plete consumption of ketone. Excess toluene was removed by rotary evaporation under reduced pressure to yield a 
5 brown residue, which was partitioned between ethyl acetate (1 00 mL) and saturated sodium hydrogen carbonate (1 00 
mL), The organic layer was washed with brine (100 mL) and dried over magnesium sulphate) removal of excess solvent 
by rotary evaporation under reduced pressure gave a dark oil. which was subjected to flash chromatography on silica 
gel (20% ethyl acetate, 70% 40-60° petroleum ether). Removal of excess eluent afforded the product (182) as an oil 
wrnch solidified on standfng (420 mg, 0.62 mmoL 71%), [o.] 21 D - 7.48- ( c = 1 .002 CHC! 3 ). 1 H NMR (270 MHz, CDCI 3 ) 
*o cis/trans mixture, retainers 6 8.90 (bs, 1H), 7.95 (s, 1H), 7.76-7.65 (m t 2H), 7.55 (m, 7H), 6,9(5, 1H). 6 4) and 6.30 (2 
x bs : 1H), 6.02-5.88 (m, 1H), 5.40-5 17 (s, 4H)> 4.64-4.59 (m. 2H) ; 3.91 ^3 70 (m, 9H), 3,00-2.95 (m, 2H). HRMS (FAB) 
673 (WI+1). Anal. Calcd for C 38 H 48 N 2 0 7 St; C, 67.83; H, 7.19; N, 4.16. Found C, 67.64; H, 7.33; N, 4.03. 

(2S)-N-[(2-a!lyloxycarnoylammo)~4-benzyt^^ 
pyrrolidine (183) 

[0235] A solution of TBAF fn THF (1 ,21 mL, 1 M solution ; 1 21 mmoi) was added to a solution of 182 (0.65 g, 0.97 
mmol) in THF (15 mL) at 0°C. The reaction mixture was allowed to warm to room temperature and stir overnight, 
Excess THF was removed by rotary evaporation under reduced pressure and the residue was partitioned between 
ethyl acetate (100 mL) and saturated ammonium chloride (1 mL). The organic phase was washed with brine (100 mL) 
and dried over magnesium sutphate. Excess solvent as evaporated under reduced pressure and the resulting residue 
was subjected to flash column chromatography (silica gel, 50% ethyl acetate and 50% 40^60° petroleum ether) Re~ 
movai of excess eluent by rotary evaporation under reduced pressure afforded the compound 183 (0.9 g, 1 61 mmol, 
65%). 1 H NMR (270 MHz, CDCI 3 ) cis/trans mixture 5 8.55 (bs, 1 H) s 7.50-7.10 (m s 8H), 6.80-5.90 (m, 3H) t 6.40 and 
6.29 (2 x bs. 1 H), 6.02-5 88 (m, 1 H), 5.40-5.1 0 (m, 4H), 4.55-4.70 (m, 2H).4,50~4.30 (m, 1), 3.95-3.80 (m, 8H) S 3.10-3.90 
(m s 1H), 3.50 3.70 (m, 1H). HRMS (FAB) Calcd for C 32 H 35 N 2 0 7 (M+H) 559.2444; Found 559.2-62. 

(1 1 S : 1 1aS)-1 0-allyloxycarbonyl-8-benzyloxy-1 1 -hydroxy-7-methoxy»2-(4-methoxybenzylidene)- 
1,2,3,10,11,1 1a-hexahydro-5W-pyrrolo[2 ? 1-c][1,4]benzodi3zepine"5-one (184) 

[0236] A solution of DMSO (0.41 mL 5.80 mmol) in dry DCM (50 mL) was added dropwise to a stirred solution of 
oxalyl chloride (1 .45 mi of a 2M solution, 2.90 mm of) at -40"C under a nitrogen atmosphere. After 45 minutes stirring 
at - 45"C ; a solution of 183 (0.9 g r 1 .61 mmol) in DCM (50 mL) was added dropwise to the mixture over 45 minutes. 
After stirring at - 45°C for 45 minutes the reaction mixture was treated dropwise with a solution of TEA (0.94 mL, 6.76 
mmol) in DCM ( 20 mL) over 30 minutes. After a stirring at - 45"C for a further 40 minutes the reaction mixture was 
affowed to warm to room temperature and then diluted with DCM (30 mL). The diluted reaction mixture was washed 
with dilute hydrochloric acid (1 N, 300 mL), water (150 mL) 3 brine (150 mL) and dried over magnesium sulphate. 
Removal of excess solvent afforded the crude product, which was subjected to column chromatography (silica gel 
50% ethyl acetate and 50% 40-60° petroleum ether). Removal of excess eluent afforded the product 184 as an oil 
(0.62 g, 1.11 mmol, 69%). *H NMR (270 MHz, CDCI 3 ) cis/trans mix 6 7 50-7.10 (m, 8H), 6.90-6.85 (m, 2H), 6.74 (s. 
1H) r 6.50 and 6.45 (2xbs ; 1H), 6.70-5.00 (m, 6H), 4.70-4.20 (m, 4H), 3 98 (s, 3H), 3.90-3.70 (m, 4H), 3.10^2.80 (m, 
2H). HRMS (FAB) Calcd for C 32 H 33 N 2 0 7 (M+H) 557.2288: Found 559.2277. 

(11aS)-8-Benzyloxy-7-methoxy-2-(4-methoxy^ 
benzodiazepine-5-one (185) 

[0237] Triphenylphosphine, pyrrolidine and palladium lelrakistriphenylphosphine were addaed sequentially to a 
stirred solution of substrate in dry DCM. The reaction mixture was allowed to stir at room temperature under a nitrogen 
atmosphere for 2 h, at which time TLC (50% ethyl acetate and 50% 40-60° petroleum ether) revealed the complete 
consumption of starting material. The reaction mixture was evaporated to dryness and the resulting residue subjected 
to gravity column chromatography (sifrca gel, gradient elution; 30% ethyl acetate, 70% 40-60° petroleum ether to 70% 
ethyl acetatc : 30% 40-60° petroleum ether). Removal of excess eluent afforded the PBD (185) as a yellow glass that 
was reprecipitated from ethyl acetate with 40-60° petroleum ether. 

[0238] 1H NMR (270 MHz, CDCI 3 ) cis/trans mix 5 7.69 (d 1 H, J- 4,39 Hz), 7.52 (a, 1H), 7.46-7.30 (m, 5H), 7.20-7 16 
(m, 2H) r 6.92-6.88 (m, 2H) ; 6.84 (s : 1H), 6.53 (bs r 1H), 5.20-5.17 (m, 2H), 4.52 (m, 2H), 3.96 (s, 3H). 3 90-3.75 (m, 
4H), 3.34-3.26 (m, 1H), 3.12-3.00 (m, 1H). 
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Example 3 : Synthesis of Compounds of formula III 

Overview of Synthesis 

r02391 The Biaryl PBDs 136, 138 and 140 were obtained by removal of the Troc protecting group from the protected 
carbinolamines 135, 137 and 139. For compounds 136 and 138 the deprotection method of Dong etal, was employed 
(Cd/Pb ammonium acetate buffer), however this approach could not be applied to the preparation of 140 as this 
molecule contained a nitro group sensitive to the Cd/Pb couple. In this case a novel deprotection procedure involving 
the use of tetrabutyl ammonium fluoride was used. The protected biaryj carbinolamines were prepared by the Suzuki 
reaction the common 7-iodo substituted protected carbinolamine 134 was exposed to the appropriate boronic acid in 
the presence of a palladium catalyst. This reaction is of wide scope as over 70 boronic acids are commercially available. 
The lodo substituted protected carbinolamine 134 was furnished by Swern oxidation of the primary alcohol 133. The 
Swern procedure was particularly effective in this case but other oxidizing agents such as the Dess-Martin ^ a gent 
TPAP or pyridine sulphur trioxide complex and DMSO could also be employed. The primary alcohol 133 was afforded 
by coupling commercially available pyrrolidinemethanot to the Troc protected anthraniiic acid chloride obtained by 132 
by treatment with oxalyi chloride. The Troc protected acid was in turn prepared by exposing the anthraniiic acid 131 
to 2 2 2-trichloroethyl chloroformate. Other protecting groups can be used in place of Troc such as IMvoc, Teoc and 
Fmoc'but care must be taken in choosing a protecting group as some groups such as Boc spontaneously form the 
isatoic anhydride when exposed to oxalyi chloride prior to the coupling step. 

r02401 The 9-methoxy PBD (1 01 ) was prepared in an analogous fashion demonstrating the versatility of the approach^ 
F02411 The 8-amino PBD (151) was prepared by the removal of a Troc protecting group from the ammo substituted 
protected ca^inolamine 150. The free amine was obtained by removal of an Fmoc protecting group under standard 
conditions (piperidine/DMF) from the protected carbinolamine 1 49. Swern oxidation of the primary alcohol 148 furnished 
149 in good yield the substrate for oxidation reaction was prepared by Fmoc protection of the aniline 147. Reduction 
of the nitro compound 146, with tin chloride furnished the aniline, hydrogonation could not be employed to reduce the 
nitro group as the Troc system does not withstand these conditions. The nitro compound 146 was prepared by the 
coupling of the acid chloride derived from 145 with pyrrolidinemethanol in the presence of base. Finally, the protected 
anthraniiic acid 145 was furnished by exposing the commercially available 4 nitro anthraniiic acid 144 to Troc Chloro- 

[024?' The 8-benzyloxy-7.9-dimethoxy PBD (143, UP2022) was prepared by a slightly different approach which does 
not involve the use of anthraniiic acid starting materials but proceeds through 2-nitrobenzoic acid intermediates. The 
PBD was obtained from the protected carbinolamine 142 by removal of the Troc protecting group under the usual 
conditions The protected carbinolamine was furnished by Swern oxidation of primary alcohol 141 which in turn was 
prepared by selective protection of the amino alcohol 126 as the Troc carbamate by exposure to Troc Chloroformate 
in the presence of pyridine. The amino alcohol was obtained by reduction of the nitro compound 125 with Raney Nicke 
and hydrazine (again hydrogenation could not be employed due to the presence of a benzyl group). The nitro alcohol 
125 was prepared by coupling pyrrolidine methanol to the requisite 2-nitrobenzoic acid 124. This ^tro benzoic acid 
was not commercially available and was prepared in four steps from the available syringic acid 87. Nitration of the 
ester 122 was proceeded smoothly using Copper nitrate in acetic anhydhde, The ester 122 was obtained by standard 

r^243] dS The PBDs 96, 113, 120 and 194 were obtained in an identical fashion from the 2-nitrobenzoic acids 19, 108, 

r02441 The dimer 90 was prepared in an analogous lashion f rom the core nitro compound 85; the core was assembled 
by joining together two units of the phenol 84 via Mitsonobu etherification. The phenol 84 was derived from synngic 
acid 83 in a three step synthesis, the crucial step being the nitration of 82 which was performed with 70% nrtnc : acict 
r02451 The phenolic PBD 130 was prepared by an analogous route to that used for the synthesis of the PBD 143, 
however the requirement lo incorporate a phenolic group prompted the use of a different protecting group Teoc^ The 
free PBD was obtained by treating the Teoc protected carbinolamine 129 with TBAF in warm acetonrtr.le. The phenol 
129 was unmasked by the hydrogenolysis of thebenzyloxy moiety of 128 in the presence of the Teoc protecting group 
(Troc would not survive under these conditions). The benzyloxy compound 128 was obtained by Swern oxidation of 
the primary alcohol 127 which was prepared by treating the amino alcohol 1 26 with Teoc chloroformate in the presence 
of base. 
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Example 3(a) : Synthesis of the C9/C9'-Dimethoxy PBD Dirtier (90, DRH-165) (see Figure 15) 
[0246] 




O-Acetytsyringic acid (82) 

*5 [0247] A suspension of syringic acid 81 (10.0 g, 50.5 mmol) in acetic anhydride (30. Og, 27.7 mL 294.1 mmoO was 
warmed gently until a clear sotution was obtained, Fused sodium acetate (0.5g ; 6.10 mmol) was added to the solution 
which was allowed to stir for 16 hours at room temperature. The solution was poured into water (100 ml_) and stirred 
thoroughly to ensure hydrolysis of any excess anhydride. Crude O-Acety I syringic acid was recrystallized from water 
Lo afford the product as an off-white powder (11 .2 g, 46,7 mmol), H 1 NMR (270 MHz, CDCI 3 ) 6 7.36 (s, 2H), 5,94 (br s t 

20 1 H), 3,87 (s ; 6H) ; 2 35 (s, 3M). HRMS calcd for 240.0634 : found 240.0637 

4-Acetoxy'3 T 5-dimethoxy-2-nitrobenzoic acfd (83) 

[0248] Fuming nitric acid (5,2 ml_) was added, carefully to a solution of oacetyisyringic acid 82 (1 1 .1 g, 46.2 mmol) 
25 in acetic anhydride (33 g r mmol) at 5°C and the reaction mixture was then allowed to stir for 3 hours at room temperature. 
The reaction mixture was poured over ice (300 ml_) and the yellow precipitate was collected by filtration, washed with 
water (3 x 100 ml_) and dried In vacuoXo afford the product as a pale yellow solid (12.4 g). H 1 NMR (270 MHz, CDCI 3 ) 
5 7.37 (s, 1H), 3 92 (s, 3H) ; 3.90 (s, 3H), 2.39 (s, 3H) 

30 Methyl 3,5-dimethoxy-4-hydroxy-2-mtrobenzoate (84) 

[0249] A catalytic amount of DMF (5 drops) was added to a sofution of oxalyt chloride (6.3 g, 49.8 mmol) and o- 
nitrobenzoic acid 83 (12.4 g, 45 2 mmol) in anhydrous THF (100 mL) and the reaction mixture allowed to stir at room 
temperature for 16 h. The resulting acid chloride was quenched dropwise with anhydrous methanol (100 mL) at 0°C. 
35 The reaction mixture was treated with potassium carbonate and allowed to stir at room temperature for 3 h. Excess 
solvent was removed by rotary evaporation at reduced pressure and the residue dissolved in water. The aqueous 
solution was acidified to pH 8 and me resulting white precipitate was collected by filtration, washed with water (2 x 100 
mL) and dried to afford the product as an off-white solid (10.5 g : 83%). H 1 NMR (270 MHz, CDCI 3 ) b" 10.07(br s, 1H) t 
7.26 (s, 1H), 3.97 (s r 3H), 3.91 (s, 3H) f 3.85 (s ; 3H). 

40 

1 ', 3 t -Bis(4-carboxy-2,6-dtmethoxy-5<nitrophenoxy)propane (85) 

[0250] Diethylazidodicarboxyiafe (7. 1 9 g, 4 1 ,3 mmol) was added dropwise over 0.5 hours to a cooted, stirred solution 
of the phenol 84 (10.61 g ; 41.3 mmol) and TPP (16.24 g : 61.9 mmol) in anhydrous THF (100 mL), and aHowed to stir 

m for 1 h. A solution of 1 ,3-propanediol (1 .57g ; 20.6 mmol) in THF (30 mL) was added dropwise and the reaction mixture 
allowed to stir for 16 h. The reaction mixture was then treated with IN aqueous NaOH (200 mL) and heated at reflux 
for 3 h. Excess solvent was removed by rotary evaporation under reduced pressure to afford an aqueous suspension 
which was extracted with EtOAc (3 x 300 mL). The aqueous extract was acidified with concentrated HCI and the 
precfpitate coElected by vacuum filtration. The precipitate was suspended in water (500 mL) and after stirring for 10 

50 minutes, the suspension was filtered to afford the product as an orange soiid (6.11 g ( 60%). H 1 NMR (270 MHz ? CDCI 3 ) 
5 7.32 (s, 2H), 4.36 (t, 4H,) : 3.92 (s, 6H), 3.90 (s : 6H), 2.20 (L 2H). V 

(2S)-1 ,r-[[(propane-1 ? 3-diyl)dioxy]bts[2-nitro-3 7 5»dimethoxy-1 ,4-phenylene)carbonyf)]bis 
[2-(hydroxymethylpyrrolidine] (86) 

55 

[0251] A catalytic amount of DMF (3 drops) was added to a solution of the acid 85 (6.1 g, 12 4 mmol) and oxalyl 
chloride (2.37 mL, 3 45 g, 27.2 mmoi) in anhydrous DCM (60 mL) and the reaction mixture allowed to stir at room 
temperature for 1 6 h. The resulting acid chloride was added dropwise over 0.5 hours to a stirred solution of TEA (6.26 
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, i nr »it ffi n mn si -10° C The reaction mixture 
g , e1 8 mmo.) ana pyrrolidinemelhano, (2,5 ^^^^^^1, IN HC, (3 x 1 00 mL, water 
was then allowed to stir at room temperature or 6 h. The roactran mw 

(3 x 100 mL), saturated NaHC0 3 (3 x 1 00 mL), bnne O X J 00 ^ ^ ^ ' ed ° 9 * as a „ ow glass (8 , 25 
Removal of excess solvent by rotary evapora, ^™ der redu ^ 3 9B (s. 8H). 3.90 (s. 6H), 3.86-3.67 (m. 
q 11 9 mmol). HP NMR (270 MHz, CDCI 3 ) fa 6.66 (s, 2H), 4J2-4.26 (m, 6H), \ 
AH), 3.41 -3.27 (m, 4H), 2.23-2.1 2 (m, 2H), 2.11 -1 .72 (m, BH). 

^^-[[(propane-l^dly^^ 
[2-(hydroxymethyipyrrolidirie] (87) 

(40 mL) heated at reflux over Raney nickel (5 g, slurry). " ea ™"9 ™ R nlckel The filtrate was 

L reaction mixture was allowed ^^^^^ washed with water (2 x 1 00 mL), brine 

evaporated to dryness and dissolved tn DCM (200 mL dnd ^ solvent , n vacu0 afforded the product as a 

» (2 x 100 mL) and dried over MgS0 4 . Hltra tan and. JJ"*» n 1 6 54 (s 2H) 4 35 (br s. 2H), 4.29 (t. 4H). 3.85 (s, 
pink qlass (5.69 g, 8.9 mmol. 98%). H 1 NMH (270 MHZ, CDU 3 ) 5 6.54 (S, 2H), 
3H), 3.83-3.46 (m, 14H), 2.20-2.13 (m, 2H), 1.97-1 .66 (m, 8H). 

- M - !K- ?'2 tnch!oroethoxycarbonyl)amino-3,5-methoxy-1,4-phenylene) 

(2S)-1,1-a(propane-1,3-diyl)dioxylbis[2-(2 ,2 ,2 -tncnloroewo*y 

so ca rbonyl]]bis[2-(hydroxymethytpyrrolidine] (88) 

l0253] A section of ^ = J ^ ^S:?^^ 

dropwise over the space of 0.5 hours to a section o 87 (2.28 . g, 3^ > KY was d||uted wjth DCM 

dry DCM (50 mL) and allowed to stir for 16 hours a room empemt The ^ ^ ^ 

S s (200 mL) and washed with 1N HC, (3 x 200 mL , H 2 0 (3 <200 m j g QW g|ass (1 , 43 g) . 

MgSO,. Purification by flash chromatography (soca ge. EtOAc) afforded p ^ ^ ^ ^ 2gH) 

H 1 NMR (270 MHz. CDCI 3 ) Rotamers b 9.21 and 8.40 (2 x Dr s, *nj, 

3 33-3.30 (m, 4H), 2 04-1 .69 (m, 10H). 

rrii « ii.a 10 (2' 2" 2 '-trichloroethoxycarbonyl)-11-hydroxy-7>dimethoxy- 
30 1 i'-rrProeane-1,3-d yl)dioxy]b1sU11S,11aS)-1U -f^ ™" lu J 

1 ii 1 0 11 1 1a.hexahydro-5^pyrro«o[2,1 -c][1 ,4]benzod ia ze P ,n-5-one. (89) 

, h n« ml l in drv DCM (5 mL) was added dropwise over 20 minutes 

[0254] A solution of dry DMSO (14.9 mmol. 1 /I7g. 1 .06 mL) in dry DCW fb , & atmosphere 

o a stirred solution of oxalyl chloride in DCM (7.38 ^ "^2%^ J £ mmol) in dry DCM (5m L) was added 
35 at -45"C. After stirring for an additional 1 5 minutes a solut on o 88 l £58 g z ^ ^ dropwjse 

dropwise over 45 minutes at -45°C and stirred for 45 ™™^* -* 5 ^J^^d to warm to room temperature, 
over 30 minutes and stirred for a further 15 minutes. The reaction mix «re was «H ^ ^ ^ ^ 

and diluted with water (100 mL). The organic '^^^^^^ent in vacuo afforded the product 
(3x1 00 mL) and dried over anhydrous MgS0 4 . Rkrat on and evapo 3.39 9 9 Hz), 4.74 id, 2H, J 

Preparation of 10% Cd/Pb couple 

t ^ ■ Rfi"/ an ArOH (50 mL) and the solution 

« ,0255] YeUow ,ead oxide (litharge, 1 .8 9 , 4.9 mmol) w- ^ved ^ H g 49 mm o,) in deionised 

was slowly added to a vigorously stirred suspension o' Cd dust (A dr ^ . ^ ^ up ^ 

to storage and use. 

50 ~ ^ ... 19-5 iia~tetrahvdro-5ff-pyTro!o[2,1-c][1,4] 

1 ,i '-[[Propane-I 3-diy t)dioxy]bis[(1 1 aS)-7,9 d,mcthoxy-1 ,2,3 .1 1 a tetrany 

benzodiazepirv5-one. (90) 

[0256l CadmiunVlead coup, (3.8 mmo, Cd, 0.47 g of Cd.Pb ^t^^^ 
5S 89 (0.76 9 , 0.8 mmol) in THF (10 mL) and IN NH Ac (10 m a « ' ^ ^ M , the 

was diluted with DCM (1 50 mL) and dned over MgS J. RlUahon and p ^ C11 ^ VRS carbinolamines 

pmduotasayenow glass (0.32g,0.55 mmol. 71%).H1NMB^ 4.38-3.54 (m. 22H), 
8 7 08 (s 2H). 5.53 (br S, 2H), 5.38 (br s, 2H), 4.90 (d, 2H, Hz), 4.79 (0, 
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2.27-1 79 (m, 1 OH). MS (FAB) m/e (relative intensity) 594 (M+2. 27%), 593 , 69%) 
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[0257] 



' 0 MeO 
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N'(3-Methoxy-2-nitrobenzoy!)pyrrolidm-2-methanol (92) 

[0258] A cata, y t,c amount o. DMF (2 drops) was added to a stirred solution of ^-g^^S^^ 
(5.01 g, 25.4 mmo,) and oxalyi chloride (3.54 g 2 7.9 mm o,) ,n , ^^ n ^ Aaolulton P orth eacW 
reaction mixture was allowed to stir overmght, before being used directly in the p °P ar pyrro lidinemeth- 
chloride in anhydrous CHC, 2 (50 mL) was added dropwise over 1 hour 0 a v ,g 0 o sly s ''^ ^^ ^ at 

ano, (2.57 Bl 25.4 mmo,) and TEA ( 6.42 g 63.6 mmo,) ^^^^g^ with WHO. (1 x 100 mL), 
0"C and allowed to stir overnight at room temperature. The eact ™ ™* u * » evaporation of the 

H 2 0 (3 x 1 00 mL) and brine (3 x 1 00 mL). The organic layer was dried over anhydrous Mg^u 4 , 
solvent afforded a brown oil (6.37 g, 22.7 mmol, 89%). 

ss N-(2-Amino-3-Methoxytaenzoyl)pyrrotidin-2-methanol (93) 

^ • h a . MQ7n 1% 4 mmol) was added dropwise to a solution of 92 (6.37 g, 22.7 mmol) in gently 

refluxing methanol (1 00 mL) over Raney nickel (2.4 g, slurry). I no resimir y j reaction mixture 

after approximately 1 0 minutes and the reaction was deemed to bo -mP^e by TLC after 2 k The 
was filtered through celite and the solvent evaporated Disced ^J^^^/^^e (3 x 100 mL) 
aaueous mixture was extracted with EtOAc (3 x 100 mL and was he ^ «'» h (3 x 10^ 0 rn L) an 
and dried over anhydrous MgSO,. Evaporation of the solvent afforded a brown glass (5.49 g. .» mm , 
spot by TLC. 

N-(3-Methoxy-2-((2\2\2Mrichtoroethoxy)carbonylammoben Z oyl)pyrrolidin-2-methanol(94) 
,0250! A soiuhon of 2,2,2-triCoroethy, ^ 

added dropwise over 0.5 hours to a stirred solution of h substrate, 93 f or 2£ hours 
(3.44fl. 43.5 mmo,) in disti.leddichloromethane (100 mL) ^ ° uted with anhydrous DCM (100 mL) 
at which time TLC showed reaction to be complete. The reaction mixture was an J Evaporation 

and washed with IN HCI (2 x 200 mL), H 2 D (200 mL), brine (200 mL) and t0 a J ord tne 

[2,1 ^H 1 ,4]benzodiazepm-5-one(95) 

.v . r^r-h/i /c>^ m n wa^ Hdded dropwise over 5 minutes to a stirred 
10*611 Anhvdrous DMSO (3.14 g t 40.2 mmol in dry DCM (26 mL) was aaaea umpwi* 

E oftaly, chloride tj.53 g! 9,6 mL o, a 2 N ^^^^S^^^ — 
stirring for 5 minutes, the substrate 94 (6.03 g, 14.2 mmo ) '" dry DCM 25 ^) "as ad°* P 
,o the reaction mixture , which was then allowed to stir for a further 45 minutes at -50 C after the add, ^ ^ 

nrv TFA (5 72 a 56 64 mmol) was added dropwise to the mixture over 0.5 hours and the reac ion m . 
^^Sher% 5 r u te, The reaction mixture was left to — = - "a'nf ^ de^ S 
The organic phase was washed with IN HCI (2 x 200 mL). H 2 0 (2 x 200 nnL) bnn 2 J 
anhydrous MgSCr, The solvent was evaporated to afford a ye How oj ■ 6 .68 g) The o.^was subjec^ dt 
tography with EtOAc as eluent to afford the product as a yellow solid (5.B7 g, 3.9 mmol), H NtvlH (Z/u 
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7- m€ thoxy-1 ,2,3,1 1a-tetrahydro-5H-pyrrolo[2,1-c][1,4]benzodi a zepin-5-one (96) 

[0262] io % c,P b co U pM, 5 o 9H « 

a mixture of THF (30 mL) and IN NH40Ac (30 mL) Upon aacmion u anhydrous 
showed the react,on to be complete. The reaction soL« by rotary evaporation 

MqS04. The solids were filtered and rinsed with EtOAc (50 ^ ™ %) 

under reduced pressure afforded the product as a yellow solid (0.84 g, 3.6 mmoi. .=) 

Pimple ZIP : S ynthesis of the C7-Netho xy_PBP (101. AG/140) (see HgureJZi 
[0263] 
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a-methoxy-S ^^'^'-trichloroethoxycarbonyl^mino^enzoic acid (98) 

(02S4, 2-amino-3- m e,hoxybenzo, acid 97 (1 , 6.0 mmol) ^^(^ aTJe"-^ 
dichloromethane (30 mL). The resulting mixture was cooled and Troc-C I (0.9 mU J m ^ > water Q mL) 

reaction mixture was allowed to stir overnight at room ^S^dJ^^to^ii g of crude product, which 
and brine (50 mL). The organic phase was dried over MgS0 4 and evaporated y.eia 
was used in the next step without further purification. 

N.(3-methox y .2-(2-,2',2--trich l oroethox y carbon y lamino)benzoyl)- P yrro li dine-2-methano.(99) 

(0265, Oxalyl chloride (0,7 mL. 6.58 mmo,) together with 2 Jj-^ ^ZTlZV^Z 
product obtained from the previous reaction in dry ^^"^^J^l* added drop wise, over 30 
mixture was allowed to stir at room temperature overnight ^Th [^^^f^ , mL 14 . 95 mmo l) in dry dichlo- 
mmu.es to a solution of 2S-( + )-pyrrotidinemethanol (0 66 ^^Jll^s diluted with ethyl acetate (20 mL), 
romethane (20 mL) at -16°C. Once coupling was complete the react, on m ortu e wa ^ 
and washed with 1N HCI (2 x 25 mL), satd. aqueous NaHCO (2 * 25 mL , wat , ^ ^ 

organic layer was then dried over MgS0 4 and evaporated to give a yellow « J MHz , CDC , 3) 

chromatography (petroleum ether/e.hy, ^™^\"J^?*** ? 86 (m. 4H); 4.22 (dd, J = 5.1 , J 
d 1.6- 1.8 (m.lH); 1 81 - 2.0 (m, 2H); 2.02 - 2.21 m H); 34 rn^ 1H ■ 3.6 J 2H ,H), 6.94 (s, 1H); 7.2 (dd, J = 
= 12.3 Hz, 1H); 4.72 (d. J = 12 Hz, 1H); 4.79 (d, J = 12 ^^^.^4 '"a 8 50 7 55 9 6 3:66.5; 74.8; 75.3, 111.7; 
7 5 J = 8.4 HZ, 1H); 7.36 (bs, 1H). «C NMR (67.8 MHz, CDC 3 ) 5 24 £28 -8^0.7 55. ^ 
111.9;119.1 ; 122.3;126.3;132.9 ; 152.^ 

424.0359. [a] 25 D = - 45.1" (c- 0.63. CHC1 3 ), 

» *u m m ^' 2' 2' trichJofoetboxycarbonylH ,2,-3,10,1 1 .Ha-hexahydro^H- 
(11S ! 11aS)-11-hydroxy-9-mcthoxy-10-N"{2 T 2 ,2 -tncmoroexnoxy 

pyrrolo [2,1-c][1 ,41 benzodiazepirv5-one (100) 

[0266] A on o, OMSO ,0 46 «, 6.63 ^ ,n o, ^^X^^^^^^ 

to stir for a further 30 minutes, a solution of 99 (1 g, 2.3/ mmoi; 
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over 1 hour Following the end of addition the mixture was allowed to stir at -45°C for 60 minutes, then a solution of 
TEA (1 31 mL) in dichloromethane (6 mL) was added drop wise and the mixture was allowed to warm to roorr t tem- 
perature. The reaction mixture was washed with water (50 mL). 1N HCI (2 x 25 mL). satd. aqueous NaHC0 3 (2 x 25 
mL), and brine (50 mL). The organic so,ut,on was dried over MgS0 4 and evaporated. The crude produc was pur hod 
b V lash chromatography (silica gel EtOAc/petroleum ether 1/1) to give a colours « oil <0.64 fl, 63 ) H NMR (270 
MH7 rnCI 1 5 2 01 -2 15 (m 4HV 3 43- 3.58 (m,2H); 3.73 (m,2H); 3.83 S,3H); 4.35 (d, J= 12, 1H) , 4.98 (d, J 
tl 1HV 5 66 (dd J=3 B jl 9.6 Hz. 1H); 7.02 (dd J 2.2 J- 7.5 Hz. 1H); 7.35 (m. 2H). -C NMR (67.8 MHz, CDCI 3 
523 0-28 6 M62; 56, ; 59.9; 75.3; 86.2; 94.8; 113.4; 120.2; 123.1; 129.4; i 34.9 154.7; 155.4; 166^ «R (Nujo.) 
3291 . 2924, 1724, 1616, 1580, 1463, 1318, 1278, 1075, 945, 812, 739. MS: m/e (re ative ^tensity ,422 (M-M0 387 
(3) 275 (10). 245 {15). 217 (10), 176 (100), 150 (8), 120 (6), 70 (95). HRMS Cafculated for C 16Hl 7CI 3 N 2 0 5 . 422.0202. 
Found: 422.0203. [afV + 136.5° ,r 0.19. CHCI 3 ). 

(11aS)-9-methoxy-1 ,2,3,11 a-tetrahydro-5H-pyrrolo[2,1-c][1,4]benzocliazepin-5-one (101) 

F0267] Finely ground Cd/Pb couple (1 .02 g). was added in small portions to a stirred solution of 100 (0.64 g 1 .51 
2 in THF (10 mL) and 1 M NH 4 OAc (1 0 mL). The react,on was lollcwed by LLC (EtOAc). when no more starting 
mater al was observed, the mixture was poured into ethyl acetate (200 mL) The organic phase was dried over MgSO 
and evaporated to yield the product as a pate yellow oil (0. 28g,80%): 1 H NMR (270MHz. CDC W* 2 - ie <^;^ 
2 2HV 3 87 (s 3HV 5 15 (m 1H) 6.8 - 7.2 (m, 3H); 7.8 (d, J= 4 7 Hz, 1 H, irnine H11). IR (Nujol): cm'1 3373, 2975. 

621 576 U40 ?419, 1250, 1075, 750. MS; m/e (relative intensity) 230 (M -, 100), 215 (45), 201 (20) 187 (5), 160 
(!) 146 (4)! 133 (20), 105 (10), 76 (25), 70 (45), 63 (3), 51 (3). HRMS Calculated for C 13 H 14 N 2 0 2 : 230.1055. Found: 
230.1055. [a]25 D = + 455.3" (c - 0.6, CHCI 3 ). 

Example 3(d) : Synthesis o f th e 7.8-Dimethoxy PBD (106, AG/105)(scc Figure 18) 
[0268] 
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4,5-dimethoxy'2 (2 , ,2 - ,2'-trichloroethoxycarbonylamino)benzoic acid (103) 

[02 69] A solution of Troc-CI (0.76 ml, 5.56 mmol) in dry dichloromethane (1 0 mL) was added dropwise tc > 2-amlna- 
4,5-dimethoxybenzoic acid 102 (1 9 . 5lmmoi) and pyridine (0.82 ml, 1 0.1 mmol) ,n dry ^'^1^^ f %2 % 
The reaction mixture was aHowed to stir overnight at room temperature and then washed with dilute HCI ( N 2 2 5 
ml) water (2 x 25 ml) and brine (20 ml). The organic phase was dried over MgS0 4 and evaporated to y.eld of crude 
product (1 .6 g), which was used in the next step without further purification. 

N-(4,5-dtmethoxy-2'-(2",2 > ,2''-trichtoroethoxycarbonylamino)benzoy1)-pyrrolidine-2-methanol (104) 

[0270] Oxalyl chloride (0.38 mL, 4.33 mmol) was added to the crude Troc-protected anthranilic acid, prepared I In the 
previous reacL, together with 2 drops of dry DMF in dry dichloromethane (30 mL). After .n.l«l strong a '^ence 
the mixture was allowed to stir at room temperature overnight. The resulting ac.d chloride was added d.opwise over 
30 minutes to a solution of 2S- (+ )-pyrrohdinemethanol (0.44 g, 4.33 mmol) and TEA (1.37 ml, 9.85 mmof) of dry 
ZZTZZl (1 5 mL) at -1 6-C. The reaction mixture was diluted with ethy, acetate (20 mL), and w e ^ 
HCI (1N 2 x 30 mL) satd. aqueous NaHCO a (2 x 30 mL), water (30 mL) and bnne (30 mL). The organic layer was 
The ( nod over MgSC, and Evaporated to gi'c a yellow oil. The crude product was purified by ^ ^mjogjpg 
(petroleum ether/ethyl acetate = 50/50) to yield the product (1 .2 g, 70%) as a pale yettow o± H NMR (2/0 MHz CDCy 
8 1 ,75 (m. 2H); 1.92 (m, 1H); 2.17 (m, 1H); 3.53 (m, 2H); 3.72 (m, 1H); 3.86 (s, 3H) 3. 93 (. , 3H), 4 .19 (m 1H). 443 
(m 1H :4.77 d, J- 12 Hz. 1 H), 4.85 (d, J= 12 Hz, 1 H); 6.85 (s, 1H); 7.69 (s, 1H); 9.08 (bs 1H). ^CNMR (67 8 MHz, 
Sri I S ?5 1 28 2 51 4 56 0' 66 4 60 8' 65 9-74.4:95.3: 104.7; 110.7; 116.3; 130 8; 144.4; 151,0; 152.1, 170.4. 
MS m/e (relative intt^srty) 454 (M T 5), 356 (3). 306 (10), 275 (5), 206 (100). 179 (15), 150 (10) 136 (3), 70 (45). 
HRMS Calculated for C 17 H 21 C 13 N £ O s : 454.0465. Found: 454.0464.[aP D = ■ 72.2" (c= 0,18, CHCt 3 ). 
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(1lS ,1i aS )-7,8-d im etho*y-11.hyd^^ 
pyrrolo [2,1-c][1 ,4] benzodiazepin-5-one (105) 

[0271] A sotution ot DMSO «0, ml, 12.9 mmo.) in dry dichloro.ethane (1 5 mL) ^TtTs 
o a solution of oxalyl chloride (6.4 mmol) of dry dichloromethane {15 mL) kee ping ^ tempetatur e 
reaction mixture was ailowed to Btlr for further a 30 ********* ^^^^^^riiZi was 
Cich.orornethane (35 mL) was ^ dropw-e over - ^ ^ ^ » mL) in of dichloromathano (10 
allowed to stir at -45" C for 60 minutes, ana men ireaieu w tP mnerature The reaction mixture was 

mL ) were added drop wise and the mixture ^f^^^SJ^sT^^^*^ evaporated. 
, washedwith water (75 mL), dilute HCI (1N 75 mL), < (1.19 

4.bb, J - J / i nz j. \ ; (relative intensity) 452 (M-1, 30), 424 (/), 

5 74 9 86.4: 95.1: 110.3: 112.7, 125.6, 14B.b, Touts, io^-.o, ^ n m n ■ /IS? 0308 Found' 

354 (10). 276 (25), 206 (100). 180 (10), 150 (10), 70 (100). HRMS Calculated for C 17 H 19 CI 3 N g O s . 452.0308. 

452.0309. |a) 25 D - + 104.7" (C-0.27, CHCt 3 ). 
(11 aS).7,8-dimeth°x y -1,2,^1a-tetrahyd^ 

" [0272] Finely ground C.P5 couple (3.12 g) was ^ ™«!-»^^ 

mL)andNH 4 OAc (1M, 10 -U. The reason was foHa ^^^'^ over MgS ^ and evaporated to yield 
mixture was poured into ethyl acetate (400 mL). The organic phase > was a compound as a pale yellow 

the crude product, which was purified by flash chromatography (EtOAc) to give of the pure compound P y 

,5 on (0.45 g. 78%): 1 H NMR (270 MHz, CDC.,) 8 2 08 (m 2H); ^^f*^ ^ (67.8 MHz CDCl 3 > 

3.8B (m, 1H); 3.93 (s. 3H); 3.96 (s, 3H M ^ 3 , £ 1 lR Nujol ): J 3000-2800, 1601, 

217 (10). 191 (20). 164 (25). 136 (20), 121 (5), 93 (8), 70 (10). HRMS Calculated tor C 14 H 16 N 2 Q 3 . 260.1160. Found. 
30 260.1161. [al 25 D = +■ 1004 7° (c --- 0.17. CHCI3). 
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45 2,3,4-Trimethoxy-6-nitrobenzoic acid (108) 

acid at 0' >C for 30 m.nutes. The reaction mixture wa. 

30 minutes. The reaction mixture was extracted with EtOAc (2 x 200 mL) and the como H 
so with brine (2 x 200 mL) and dried over anhydrous M gS0 4 . Evaporation of excess solven ,r , vacuo aft P 

as a pure white crystalline solid (1 8.67 ^ 60%): ^Ig™^^ 7 7 S 8 7.76 (1 H , s), 

1401.1308. 1246. 1168. 1111.1028, 920. 852, 789, 773, 728,689 cm H NMHV j 

4 0 (3H. s). 3.95 (3H. s), 3.90 (3H,s);iaC NMR (67.8 MHz, CDCy 8 166.0, 153.2. 150.1, 147.79. 139.6, , 
62.2, 61.1, 56.5; MS (El) m/z 258 (M+1), 240, 214. 

N-(2-Nitro-4,5,6-trimethoxybenzoyl)pyrrolidine-2-methanot (109) 

[0275] A catatytic quantity of DMF (2 drops) was added to a stirred solution of 108 (10 g, 38.9 mmol) and oxaly, 
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cHo*,e (S.B7 9 , 4S, mmoi) in dry CMC, (1 00 mL) — n J^^^S S S 

to stir overnight, and the product was used directly in the n ex and anhydrous triethylamine (1 2.4 

was added dropwise to a stirred solution of Py™ 1 '**^*" 0 '^^^ was complete, the reaction 

mL , 9.8 9 , 97.0 mmol) in anhydrous DCM (50 mL) ^C under mtr ^^^ m was wasne d with 1 N HC, 
mixture was left to warm to room temperature and left to ^err. jht l ne r ^ ^ solvent 

(1 00 mL) water (100 mL), and brine (2 x 100 mL). The combmed °^ a ™ lay ^*^ g^oAc)' [aF* Q +135" (c = 
was rloved /n Vacuo «o afford 109 (12.1 9 , 91%) ^ ^ f*« ^ EtOA U g C ^ 

0.1 , DCM); IR (neat) 3400, 3105. ^7, 2878 165 1568.^538^ 455 1348, 250, 1 ^ ^ 4 ^ ^ 

792, 758, 733, 646 cm"'; Hi NMR (270 MHz, C ™tt*7**g»^. ^ ' 13c NMR (67.8 MHz, CDCI 3 , 

*>• 401 ft* 7 T«TAVK7 f 4 2.^ -4, 62.3, 61,, 56,6. 4,2, 4,0, 28, 

rotamers) 5 165.7, lob.l, ^ > 

24.3; MS (El) m/z 341 (M+1), 324, 309, 293, 277, 264, 254. 

N-(2-Amino-4,5 > 6-trimethoxybenzoyl)pyrroHdine methanol (110) 

10276, Hydrazine hydrate (5.67 g, V77.2 mmol, was /rSSg s ev^tion'^en 

gently refluxing methanol (142 mL) over Raney nicKel (3.45 g. ^J^VcorSpMe by TLC after 3 h. The 
gas subsided after approximately 10 minutes and the re ^ , ^^ ^ d ™, | , eri waler (200 mL) was added to the 
Lotion mixture was filtered through elite and the solve t D st - J wa£hed with 

residue, and the aqueous mixture was extracted wrth DCM xl 0 mL) an of , he solvent afforded 110 

H 2 0 (3 x 1 00 mL) and brine (3 x 1 00 mL) and dried over anhyd, ous MgSO E P ^ ^ ^ ^ 

( t 2 t .24 9 ) as a yellow oil. R, . ; 0 .14 (sill ca, EtO Ac, [ a C ^+1™ (c - £1 ^ ^ ^ ^ ^ 1H 

STeU 8 ^ - - - - ^ ^ 124 102 ' 83 70 67 

[027 7, A stirred solution of 110 (11 .24 0 , 36 3 mrno.) in ^SO^^ 

was treated dropwise with 2,2.2-triohloroethy. chlorof orrnate ^ 7^^^;^^ lhe paction mixture was diluted 
atmosphere a. 0°C. One hour after the addition of W^^^^^ioo mL) and dried <MgS0 4 ). The 
with DCM (100 mL) and washed With IN I HC ( 00 mL), Rf = 0 .44 (silica, EtOAc). ,R (neat) 

solvent was removed in vacuo to afford , 0 27 1008. 823. 760, 624: 1H NMR (270 MHz, 

cm-1 3437. 2948, 1738, 1628, 1497, 1458 1422, 1397, 238 1115 02 7, ^ ^ g ^ ^ t) 

DMSO) 5 6.82 (1H, s), 5.06 (2H. s) 4.04 gH *J = 6.83 H^ ( H ), - J ^ ^ 12g 4 121 . 3 , 96 . 2 , 

C «*^ ^ 4 " 0571 ' f ° Und ^ 

benzodiazepin-5-one (112) 

[0278] A solution ot oxa,yl chloride in DCM (22, mL o, a 2N „«*n££ mmol) ^J^K^S 
mL) at - 45<>C was treated dropwise with a solution o^rous ^^.39 mL ^ ^ ^ ^ g 

5 (16 24 mL) over a period of 15 minutes. The reaction ^^"^^^c for 45 minutes. Trie.hylam'me (17.7 
solution of 111 (15.44 g, 31 .7 mmol) in dry DCM (34.3 JJ^ 11 «^ a| , owed lo sljr tor a iur ther 15 
mL , 127.1 mrno!) was added dropwise to .he reaction "^^^^^^^^00^.^0^ 
minutes. The reaction mixture was allowed to warm to room ^P^' ° and d > The reaction mjxt ure was 

lay er was washed with ,N HC, (200 mL), water (200 ^™^^ J, 112 (8.27 g. 54%) as a dear 

,o evaporated and purified by flash column ^^^^^y^^^ 3262, 2979, 2943, 2885, 1732, 
yellow glass: H, - 0 48 (silica, EtOAc); lap D ^ 30 f ^ > ^ ' 888i 838i 784: 756, 720, 

1613. 1493, 1456, 1399, 1372, 1334, 1299 1284. 1244 1201 . ™ ^ ( h. d, J- 19.78 Hz), 4.15-4.00 

693. 824; 'H NMR (270 MHz, CDCI 3 ) 56.64 (1H , s) 5.58 ( H^^.SI ( K s) 2 . 14 -2.1 0 (2H, m). «C 

,1 H. m), 3.95 (3H, s), 3.91 (3H. 3.9C , (3H .) 3 .77 (8H. ). 3.5B 1 H I) 2.1 ^ 62.30,61 .36, 60.48, 

55 NMR (67.8 MHz. CDCI 3 ) 6 163.49, 154.32, 152.30 \42^295^ ,121 . ^ 8 , 7Q 5? 

56.09, 45.56, 28 44, 22 85: MS (El) m/z 485 (M+1). 467, 398, 334. 350, 291 , ^ , 
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m 279 ] 10% Cd/Pb couple (2.57 g, 20.6 mmol Cd) was ad ded to a . stirred I sofution 

20 mL) and 1 N NH 4 OAc buffer (20 mL) and left at room ^ with brine (2 x 1 00 mL) and dried 

EtOAc (200 mL) and washed with water (2 x 100 ^« a yellow glass: R, = 0.1 tallica. EtOAc): 

(MgS0 4 ). The solvent was removed m .cuoto J"^ 6 1' 1455 .W 1392, 1359, 1275, 1245, 1203, 
al207 * +505" (c- 0.1. DCM), IR (neat) cm" 1 3339, 2976 2939,16 14 i o 4 
l l1l3, 1°052, 1035 ( 1000, 926. 804, 751 , «* JH NMR ,(270 MHz, C D C 3 ^d^ ^ m) ^2.23 (2H. m). 
d. J. 8.24 Hz), 4.36 (1H. d, J= 8.79 Hz), 401 (3H s>. 3 J* ^ >■ ound 290 1208 . 

2.16-1 .93 (2H, m); HRMS (FAB) calcd for C 15 H 18 N 2 0 4 (M M) *au.i« 

„ - ^ t h P 7Rq-TrimethoxvPBD(120,DR(t69JJse^Fig^2^ 
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3 4,5-Trimethoxy-2-nitrobenzoic acid (115) 

■ k > 114 f24 37 a 89 9 mmoD was added to a 5% solution of KOH (18 g) 
[0281] Methyl 3,4,5-trimethoxy-2-nitrobenzo,c 14 ^(24 37 g » _ ' f , ne soivcnt af , or ded a grey residue, 

n MeOH (357 mL) . The mixture was heated at re lux for 50 minu tesj vaporat o ^ and 

which was dissolved in H a O (200 mL) The resul 2" as ^ wbTIuO (3x100 mL), brine (3 x 1 00 mL) and dried 
extracted with CHCI 3 (3 x 100 mL). The organic layer we* J white crystall ine solid (20.67 g, 80 4 

ovcr anhydrous MgS0 4 . Filtration 7A(s, 1H), 124 (brs, 1H). 

mmol): 1 H NMR (270 MHz, CDCI 3 ) o 3.9 (s, 3H), 4.0 (s, dti). t. \ . 

N-(2-Nitro-3,4,5-trimethoxybenzo yl )pyrrolidine-2-methanol (116) 

n' n of 115 (2 57 g 10 mmol) and oxalyl 
[0282] Acatalytic amount of DMF (2 drops) wa s ad ded to a ^ so ^ reaction mixt ure was allowed to stir 
chloride (1 40 g, 11 mmol) in dry O^^^^XS*™**™ CH 2 C, 2 (40 mL) was added drop- 
overnight, the resulting solution of the ac ,d chlor, "(1 11 q. 11 mmol) and TEA (2.52 g, 25 mmol) 
wise over 1 hour to a vigorously stirred solution of W^nemrthanoj { g ^ ^ temperalure . 
in anhydrous CH 2 C, 2 (40 mL) under a nitrogen atm«ph« t C £ a ow ^ ^ ^ ^ , 
The reaction mixture was washed with IN HCI (1 x 50 mL) INN t a11or ded a yellow oil (2.81 g, 8.3 mmol). 

mL ) and dried over anhydrous MgSD 4 . ^^J^^^^ ^) 2 1 -2.2 (m, 1 H), 3.3-3.5 (m, 2H), 3.7-3.9 

Rf I 0.47 (S% 6 7 S°1H) ^ NMR (67.B MHz, CDC, « 157-3. 156.5, 

^S^l^: B1.2, 56,. 50.2, 26.4, 28.1. 24.5. 14,. 

N -(2-Amino-3,4,5-trimethox y ben Z oyl)pyrrolidine-2-methanoK117) 

[02 83] Hydrazine hydrate (1 .33 mL, 413 -of) was added dropwise to ^ogen 
methane! (142 mL) gently refluxmg over Raney n.cke ^(500 ^ [Q bc comploto by TLC after 2 h. The 

qas subsided after approximate^ 10 minutes and the cachorv was doe mo ^ w the 

Action mixture was filtered through ce.ite ^^^^S^^S the combined organ, phase washed 
residue and the aqueous mixture was extracted with EtOAc (J x uu ; evaporation of the solvent afforded 

w i H O (3 x 100 mL) and brine (3 x 1 00 mL) ^^^^^2^^. ^ 
the product (2 18g, 6 5 mmo.) as ™*f ™ ^ ^ 6 6 (s, 1H); "C NMR (67.8 MHz, CDC 3 ) 8 

i3 8 4- 3 e 9 ^i s s^: iT»%: U 24,. „.,, u* 
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N-2-(Tri C hloroethoxycarbonyl a mino)-3,4 ; 5-trim e thox y benzo y l)pyrrolidin e -2. m eth a nol (118) 

r02841 A solution of 2 2 2-trichloroethylchloroformate (1 .37 g. 6.5 mmol) in distilled dich.oromethane (40 mL) was 
222 d4~0 2 S hours to a solution of anhydro, ; pyridir h ^^- ^~ilu« XIoS 
g, 5.9 mmol) in drilled dichloromethane (60 , rJL>i at ^■^^■^^^^ 6 0 ,er anhydrous MgSC,, 
DCM (100 mL) and washed with 1 N HCI <2x 100mL). H 2 0 (1 M ^ ne l™^ chromatography eluting with 1% 
Evaporation of the solvent yielded a brown oi , which was purged b ^flash "^g^Jg 8 ^1.9 (m. 

MeOH/ 99% CHCl 3 to afford the product as a yellow oil I (1 83 i g 3 . mmoj. H NMH & 3; 
3H) 2 1-2 2 (m.1H). 3.3-3.6 (m, 2H). 3.6-3.85 (m, 2H). 3.8-3.9 (m, 9H). 4.2-4 3 (m, H), 4. / 4_B t ^ ^ 

6J3 (s| 1 H); 13 C NMR (67.8 MHz, CDCI 3 ) 5 1 69.9 ; 153.2. 151 9, 143.1 , 128.5, 120.1 , 105.2, 95.3, 74.6. 66.3, 61 .2, 61 .2 
61 0,56.3,50.6,28.7, 24.6. 

pyrrolo[2,1-cH1,4] benzodiazepirv5-one (119) 

[028 5] Aureus DMSO (3, 5 mL, 44, mmo,) in dry DCM (^ -^ over 20 —.ej 

solution of oxaiy, chloride (2.79 TU, mL of a (7 J g ; 15 . 6 mmo ,) 

atmosphere at -45°C (var.ed between -38 and -48 C Arte rs rnng \ ^ ^ 

in dry DCM (1 7 mL) was added dropw 1S e over 45 minutes to the reaction mixture, v 

45 minutes at -45°C after the final addition of the substrate. Dry TEA ^^^Lt a oJed to warm to room 
to the mature over 0.5 hours and stirred for a fur, her 15 n.™ ^^^^ separated, washed with brine 
temperature and the reaction mixture diluted with H a O (80 mL). 4 he organic pn Jl,,^ as an off-white solid 

(2 x 1 00 mL) and dried over anhydrous MgS0 4 . The solvent was evaporated to effort the product as an of 
4.399. 9.1 mm ol): 1 H NMR (270MHz, CDCI 3 ) 8 1 .95-2.2 (m, 4H), 3 A* A (m ^^3.8^3.9 JH>.« ( J 

28.6, 23 0. 

7,8,9-Trimethoxy-1, 2 ,3,11a-tetrahydro.5H-pyrrol 0 t 2 ,1-c][r4]benzodiaz e pin.5-one (120, DRH-69) 
,0286, 1 0% Cd/Pb coup, d .25 ,10 mmol Cd) was added to 

The solution was dried over anhydrous MgS0 4 and the sends were filtered f"^^^^"^ 73 (d , 1 H , J 
of the solvent yielded the product as a yellow glass (0.581 g, 2.0 mmol). 1H NMR (270 MHz, CDU 3 ) I 
- 4.57 HZ), 7.08 (s, 1 H), 4.0-3.4 (m, 12H), 2.4-1.8 (m, 4H) 

Exany^isU^^ 
DRH- 168) (see Figure 21) 

Methyl 4-hydroxy-3,5-dimethoxybenzoate (1 21) 

m , k ■,. P iHi<i m ii was added dropwise to a solution of 81 (20.24 g, 102.1 mmo!) in refluxing 
[0287] Concentrated sulphuric acid (3 mL), was adaea oropwisu ,. temperature 
methanol (70 mL) . The reaction mixture was heated at reflux for a further ^oure and then < 00^ ted " 
and concentrated to a third of its original volume. The concen^te ^^^ s ^^^^ n9li organic 
to stand for 30 minutes . The aqueous mixture was extracted with ethyl ^atc^ * J ' Removal 0[ 

phase washed with distilled wale. (3 x 100 mL), banc (3 , 100 mL) and dued over amy y 4 

Lxess solvent under reduced pressure afforded the ^oducL as a ye.ow -so d, 1 21 (1 839 g 86. = fi 1 ^ 
MHz. CDCI3) 8 3.9 (s, 3H), 3.95 (s, 3H), 3.975 (s. 3H), 6.1 (s, 1H), 7.3 (S, 2H), U inm ^ 
J 146.6, 139.2, 121.0, 106.6, 56.4,52.1. 

Methyl 4-Benzyloxy-3,5-dimcthoxybenzoate (122) 

[0288] Benzyl chloride (11 .04 g, 86.9 mmo,) was added ,0 a stirred solution of Xntwas 
5 6.59 g, 47.7 mmol) in anhydrous MeOH (1 75 mL) and the ^e organic layer was 
emoved under reduced pressure and the residue was extracted with ^ aDQ , aV J of 1he solvent 

washed with H 2 G (3 x 1 00 mL), brine (3 x 1 00 mL) and dried over ^^r e y w a ed with 1N 

afforded an orange oil which crystallised on standing. The solid was redissolved in fctOAc. and briefly w 
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product as a yellow solid 122(1 9,20 g,b J. b mmoij nmv ^ * 128 6,128.4.128.4. 

5.1 (s, 2H). 7.3-7.5 (m. 7H); 13 C NMR (67.8 MHz : CDCI 3 ) a 166.7. 153.2, 140.8, 137.3. 1 .8./, i^.o, 
128.2^ 128.0, 127.7, 125.3, 106.7, 74.9, 56.1, 52.2. 

Methyl 2-nitro-4-benzyloxy-3,5-dimethoxybenzoate (123) 

, rat , ril/M n ^ i4 7Qa 78 7 mmol) was added portionwsse to a vigorously stirred 
[0289] Finely ground eopper nitrate (Cu(N0 3 ) 2 , 14.79 g. 78. / mmo ) M temperature 

146.0, 145.2, 136.2, 128.7, 128.5, 128.4, 128.3, 117.8, 108.52, 75.5, 62.7, 56.5. 53.0. 
2-N»tro-4-benzyloxy-3,5-dirnethoxybenzotc acid (124) 

[0290! Potassium hydroxide (10.84 g, 193.6 mmo,) was added to a stirred .ojutk >n ot _ ^^^^ 5 ^ 
Lo. in anhydrous methanol (220 rnL) and the reaction mixture heated at reflux fo r 2 L^^^ o^nic 
— to coo, r --- r PH2 w,th HC. -d — 

MMR (270 MHZ, CDC, 3 ) 5 3.9 (br s, 3H), 3.9 (brs, 3H), 5.1 (br s, 2H), 7.2-7.5 (m, 6H). 
N-(4-Benzyloxy-3 ( 5-dirn e thoxy-2-nitr 0 benzoyl) P yrrolidine-2-methanol (125) 

[0291 , : r -s ■ ' ^<s&- sr r„Lt:~^' ™ ~ zstj=s 

oxy-2-nitro-ben.oy, chloride m anhydrous CH 3 CN 1 1 S _mL) was ^dded U> p anhydro us DCM (100 mL) 

of pyrrolidine methanol (3.34 g, 33.03 mmol, 1 .1 eg) and TEA (7 .58 g, 75^ I mmo! ^ q) V temperature . The 
at o*C under a nitrogen atmosphe, > (2 x 100 

142.3, 136.4, 136.0, 129,0, 128.5, 128.4, 104.8, 75.6, 65 7, 62.8, 61 .4, 56.6, 50.2, 28.3, 24.5. 
N-(2-Amino-4-Benzyloxy-3,5-climethox y benzoyl)p y rrolidine-2-methanol (126) 

,, .. ■ -u ^ t <o^ „ 70 pmmoh was added dropwise to a solution of 125(6.01 g, 14.4 mmol) in meth- 
[0292] Hydrate hydrate (2.31 g, 72.2 mmo) was added or op |utjon of nydrogen gas subsided 

anol (60 mL) gently refluxing over Raney nickel (1.1 9. slurry). The ^"£9«9 h Jhe reactjon mixture 

after approximately 1 0 minutes and the reaction was deemed to be complete >tiy ILL. ^ ^ 

was stored through celite anc ^J^^^^^^^^^ washed with H 2 C (3 x 100 
aqueous mixture was extracted with btOAc (J x iuu mi_; nnu Li » o n i UPn1 afforded the produc as a 

ml) and brine (3 x 100 mL) and dried over anhydrous MgSO,. ^^7^,^.?;^). 3.9 (s, 

b -noM3. 9 7 g ,10.»3%):;H™ 

14.2. 

N-(4-Bcn zy lox y -3,5-dim e thox y -2- [ (2--tnmet hy lsiiy l cthoxy) C a r bon yl am i no[benzoy,) P yrrolidine-2-methanol 
(127) 

[0293] A solution of anhydrous pyridine (0.21 g. 2.6 mmol) in anhydrous DCM (10 mL) was added drcpwis, .over 15 
, m nutL to a stirred so.ution of 2-(>rimethy, S ilyl)c,h a no, (0.92 g, 7.8 mmo, an d ^«9™ 

hydrous DCM (30 mL). The reaction mixture was a„owed to s ,r overrugh ""d ™« ^"hydrous pyridine (1 22 
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, 1U nrwMnnmU washed with JIMHCI (3x1 00 mL), H 2 0 (3x1 00 mL), brine (3 x 

temperature, diluted with anhydrous DCM (100 mL), was neo wrm v the product as a colourless 

100 mU and drW over ar*^ P 1 66 . 2 12 (m , 4H) , 

gl ass (1.43 b, 2.7 mmol. 53%); i H NMR (270 MHz, CDCy J -0« * 9H) 0.9 1 ^ ^ g ^ 

3.32-3.54 (m, 2H), 3.74-3.88 (m, BH). 4*5-4.22 rn 3 H • 4_ * 9 b r *. H), 4.97^ X t ^ ^ ^ 

7 23-7 43 (m 5H); 13 C NMR (67.3 MHz, CDCI 3 ) 5 170.1 , 155.1 , 151 4, 148.1 , l«.u. 
105.6, 75.3 : 66.1 , 64.0, 61 .3, 61 .0, 56.3, 50.6, 28.7, 24.7, 17.6, -1 5. 

( 1 1 s 1 1 aS)-8-benzy.oxy-7, 9 -dimethoxy-1 1 -hydroxy! O-N^^-trimethy.sny.ethoxycarbonvD-l ,2,3,10,11,11a- 
hexahydro-5H-pyrrolo[2,1-c][1,4] benzodiazepin-5-one. (128) 

„ ■ a nru ip. mi i was added dropwise over 30 minutes to a stirred 
t 0294 3 Anhydrous DMSO (0.57 g, 7.2 mmol) <n dry DCM (5 mL) was added P ^ After stjrrjng 

'solution of oxalyl chlor.de (0.46 g, 3.6 mmol) ,n dry (5 mL) unde wa s added dropwise over 45 minutes to the 
for 15 minutes, the substrate (1.35 g. 2.6 « n dry DCM (15 ^) wasadde P adde d dropwise 

reaction mixture, which was then stirred for a further 45 ^^^^^^ was left to warm to room 
to the mixture over 0.5 hours and stirred for a further 15 minutes T h e r ^°" washed wjth IN HC I 

temperature and diiuted with H 2 C (100 mL) and the Htra ion an evaporation of excess solvent 

(3 x 50 mL), water (3 x 50 mL), brine (3 x 50 mL) and dned ove MgSO ■ ™££ CDC y 5-0.05 (s, 9H), 0.88-0.95 

(11 s.,,.s W ^».ydr<>.y-7.9-o«^^ 

5H pyrro»o[2,1 -c][1 .4] bcnzodiazep*iv5-one(1 29) 

200 * TOO ro»c,inn was h»drog.na..c I under "„Tho, BOhTS nan, no, to rrllnw ,he MrMi.n 

105.5, 105.2, 85.8, 64.8, 64.6, 64.5. 61.2. 60.0.56.4, 46.4, 28.9. 28.7. 23.1 , 23.U, /x.. 
7 9-dimethoxy-8-Hydroxy-1 ,2,3,1 1a^e^ 

[0296] A solution of TBAF in THF (4.3 mL of a ,N solution, 4.3 I was added to ^fd 

0.37 L 0.9 mmol, in THF (1 0 mL) and ^^tZT^l^ excess solvent by rotary evaporation under 
with EtOAc (50 mL), dried over anhydrous MgS0 4 , e rod and remova q{ C11/C11W 

reduced pressure afforded the product as a brown o I , (0 IB 9- 0.7 mmol 78 A ) a ^ 

■ S carbinolamine methyl ethers 5 7.08 (s, 1H), 4,43 (d, 1H, J - 8.79 Hz), 4.U6 o y 

F , amP les 3<M to (i) : Synthesis gfT^njMP BDs (See Figure 22 J 

Synthesis f the ^lod^i^lL Oc-PB p Internne dij^JIg^j^X^gll 
5-lodo-2-(2',2',2 -trichloroethoxycarbonylamino)benzolc acid (132) 

■ .- , T ,-r,,?88mL 20 9mmolV,ridrydich,orometha^ 
[0297] A solution of! roc-CI (2.88 mL, 20.9 mmoi, in V dichloromethane (30 mL) at 0"C. 

o, 5-iodoanthrani,ic acid 131 (5 g, 19 mmol) and pyr d,ne (3. 38 mmol m ry ^ ^ ^ mL) 

o The solution was stirred for 5 hours at room temperature and then washed*, h 1 N K recryslamzed fr0 m ethyl 
a nd brine 0 x 25 mL). The organ,c phase was ^^'^^^^^Z^ 1 H NMR (CDC, 3 , DMSO- 
aC etate to afford the title compound as a yellow sol.d lJ2 g, 75 m^24B C< y i ^ i ^ 

de) 54.83 (s, 2H); 7.78-7.82 (dd, J= 9.2, J= = 2* Hz IH) £18 (d_ J- 9 Hz, H) t ^ ^ ^ MS 

^H); 11 .04 (s, 1H). 13C NMR (CDC! ^O^)o 744 84^6 95^ calculated for C 10 H 7 Cl 3 INO 4 

55 m/e (relative intensity) 437 (M-1 . 60). 289 (55), 272 (37), 245 (100), 21 a ^ 



436.8485. Found: 436 8485 
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N - {5 -,o d o-( 2 ^ 2 ^r,ric h .o r cet h ox y c arb cnv l a m 1no) b enzo y .)pyrro,d i ne- 2 - m e t h a noM13^ 

H -, 0 M n o 1 mmon in dry dichlorornethane 
[029 8] Oxaiy, chloride (0.88 mU 1 0 mmol) was add f^^^*™^ temperature for 1 2 hours, and 
50 ni). followed by 3-4 drops of DMF as ff^.^^Se^L added drop wise, over 1 hour, to a solution of 
hen used directly in the next step. The newly *<T?^**"a^* 22 7 mmol) in dry diohloromethane (50 mL) 
2S ( "pyrrolidinemeth.no, (1 .01 g, 10 mmol) and t ne thy am ne £16 mL 22. ^ ^ ^ 
at -20" C The reaction mixture was allowed to st.r for a further _hour at duct was subje cted 

t N 2 x 50 mL), water (50 mL) and bnne (50 mL), dried °ver MgSQ* and I evapo a r dms(> 

o flash colmn chromatography to afford the title compound as a pale yellow oU (3 B ft > 4 ^ ^ j H) . 
rf 7 77-2 28 (m 4H): 3.48 (bs, 2H); 3.7 (dd, J = 11.4, J= 6 .2/1 H), 3.94 ^ 13c NMR (CD CI 3 , 

f 12 Hz 1 H ■ 4.84 (d ^ 1 2 Hz, 1H); 7.66 - 7.72 (m, 2H) 7.BS (d J - 8 6 Hz, H) B t 1 ^ |r ^ 
DMSO 4) 6 25.0. 28 1 , 51 .2, 60.7, 65.3, 74.5, 86.1 . MS; m/e (relative intensity) 522 (M + ~, 

em-^lt 3215, 1745, 1605, ,627 144^ 1377J.2 21 (B0) , 2 «S (14), 216 (14,83 (15), 70 

3), 521 (M-. D, 520 (M- 3) 491 (3 , 49 > (1 ) 48 (3) 37 (J ^ > (c . ^ cHC , 3) . 

(100) HRMS calculated for C 15 H 1G CI 3 iN 2 0 4 - b^i.aiy 

K^^n 12 3 10 11 Ha-hexahydro-BH-pyrrotop.l-c] [1,4] 

benzodiazepin-5-one (1 34) 

.i rt ml 1 was slowrv added (30 minutes) 
[0299] A solution of DMSO (1 .79 mL, 25.67 mmoi) in drv dicl^met, jane (35 ^ _ ^ to 

o solution of oxalyl chloride (12.8 mmo.) in dry ^r^-n^^ dlchl0 romethane (80 mL), Keeping 
slir for 25 minutes and then treated with a solution 133 (4.78 g, 9 2 e pe , mL) in of dic hloromethane 

temperature below 40=C. After further 60 mwa -t -46 ^^olut.o" ^ orgapjc phase was washed 

(25 mL) was added, and the reaction mixture a lowed to warm to r P ^ crud 

wfh water (180 mL). dilute HC, (1N. 2 x 100 mL) end ^^^Zrn ether 70/30) to give of a P a,e yellow oU 
product which was purified by flash chromatography ^ hyl ^etate/p ^ 1R) . 4 1Q (bs 1H) . 

(3 6 g 76%): 1 H NMR (270 MHz, CDCI 3 ) 6 2.02-2^15 , (m 4H) 3*7 3*01 . ? ?g ^ J= _ B 3 j 

S d, J- 12 Hz, 1H); 5.17 (d, ^ ^ ^^^0 28 8 46.5 MA 75.1 . 86 .0, 93.2, 94.8, 132 .0 133. 6 
90 H7 1HVB10(d J=2.2Hz, 1H .1 j CNMB(CDCI 3 )5 23 U,^o, _ 1312, 1075, 720. MS: m/e 

„ e „V= <*>• Si^. Wo = ^ (C- 1 = HC '3>- 

HRMS Calculated for C 15 H 14 Cb IN 2U 4 biy.yuoj. 
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i* i * * in n na-hexahydro-5-H-pyrrolo[2,1-c][1,4] 

benzodiazepin-5-one (1 35) 

,, ni r n 1 oo m mol) pd(PPh 3 ) 4 and anhydrous 

[0301) A suspension of 134 (0.5 g, 1 .0 <™\^^£X£^V ^ ™* ^ * ^ ^Tse 
Nb,cJ> 3 (0.16 9 ,1 .48 mmol) in distilled benzene 20 m^ wate ^ (2 x 20 mL) . The organic p ase 
The reaction mixture was diluted with ethyi acetate (20 ml), and ^ chromatography (ethyl acetate/ 

was dried over MgSO, and evaporated to yield a crude yellow oil. P""*ioa* _ ^ MHz, CDC1 3 ) 5 1 .98-2.09 

^trotum ether lo/70 to 70/30) ^^^^"^^28 ^ 12.1 Hz. 1H): 4.73 (d, J- 4.4 Hz 1H) ; 
^ m 2H) . 2 1 2-2.1 5 (m. 2H); 3.51-3.62 (m, 2H); 3.7-3.79 (m, 1H^ 4^ 7 , 61 -7.70 (m, 3H); 8.02 (d, J = 

fl'sTd J- 12 1 Hz 1H); 5.66-5.73 (dd,J = 4.8, J- 9.8 Hz. ' H) 7 33 -7^48 (m 128.9;129.6; 130.8; 

2 2 Hz 1H) ^ H (CDCI 3 ) S 22.9, 28.7. 46.4 59 8; 75 .0,77 ■^°^:^^^ E) . 222 (100). 195 (10) 166 

32 9-'l335; 139.2; ^ 186^ MS: mj^^ 

(35), 140 (10), 70 (70). HRMS Calculated for C £1 H 19 C 13 N 2 0 4 . 4b».u 
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CHC! 3 ). 

^ ru n. rm \ n t9 1-cH1 41 benzodiazeptn-5-one {13fc, AG/129) 
(1 1 aS)-7-PhenyM ,2,3,1 1 a-tetrahydro-5H-py rrolo[2 s 1 c]p ,4j 

[0302, Cd/Pb (0.47 g, couple was added portion wise to * ^ "^^^^2 
xwp A ml 1 and of aq ammonium acetate 1M, 5m L). The suspension w 

IZ then pou^ into ethyl acetate (200 mL) , dried -^^^^^ (ethy. acetate) to afford 
[0303] The f.Urate was evaporated and the ^(270 MHz CDC1 3 ) 5 2.0-2 .12 (m. 2H); 2 29-2.37 (m. 2H); 
he tit e compound as coiourtess oil (0.1 9 g 98%): <H NMR ; (270 MHz, 3) ^ ^ g ^ CDcy , ^ 
3.53-3.63 (m. 1H) ; 3.76-3.92 (m, 2H); 736-7.79 <m, 8H) , 8.28 (O, J-2.2 H * > ^ ^ Q . ^ 5; ^ IR 

29 . 8 ; 46.9; 53.8; 126,9; 127.3 127.7; l™'^™*™*^^ 697. HRMS Calculated for C 13 H 16 N 2 0: 
(Nujol): cm-1 3000-2300, 1620, 1455, 1377 1239, 1239 > ™^ 
276 1261. Found: 276.1262, [afV + ^ A ° < c = 01 9 ' CHC ' 3) ' 
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^ u « 10 N (2" 2" 2"-trichtoroethoxycarbony1>-1, 2,3 ,10,11 a-hexahydro- 
(11S11aS)-7-(4'-Methoxy)phenyl-11-hydroxy-10-N-(2 ,2 ,2 tr.cni 

5H-pyrro)o[2,1-cJ-[1 ,4]benzodiazepin-5-one (137) 

,0305] 134 (0.5 g. 1 .0 mmo,), 4-methoxybenzeneboronic acid ^^^J^^ S^'S^S'S 
Na 2 CO a (0 16 g. 1 48 mmo,) were heated at ^Tpo L) and washed with water (2 x 20 mL). 

mL) and water (2 mL). The reaction mixture was fluted wrth ^y I acetat ( , purification by flash chromatog- 
The omanic phase was dried over MgS0 4 and evaporated to yield a cruje v g 1 g6 . 2 16 

^XfZ acetate/pe.o.eum ether 50/50) aflorded the «nd J-* g 71AMJ ^ j j 1 g , 

(m . 4H); 3.54-3.63 (m, 2H); 3.71-3.79 t m 1H). 3.85 (s 3H) 4^ ( ^ ? ^ j== ^ Hz, 1H); 7.57 (d, 

d . J= 12.1 Hz. 1H); 5.66-5.72 (dd, 4.5 J * Hz 1H), 6.97 (d, ^ ^ g 23.0; 28.7; 

J, 8 8 Hz. 2H); 7.64 (dd, J = 2.4, J = 8.2 Hz, 1H); 7 97 (d. . " 2 Hz ' ^ > Q . 1323; 1335; 140 .7; 154.5; 159.6; 

46.4: 55.4:59.6; 75.1 ; 86.1; 94.9; 114.3; 1»* 130 J fl 6 721 . MS: m/e (relative intensity) 498 

498.0515. Found: 498.0513. [aF D - +149.4= (0.25, CHCI 3 ) 

. n 1 , 3 11a .tetrahydr D -5H- P yrrolo[ 2) 1-c]-l1,4]benzodiazepin-5-onc (138, AG/135) 
(11aS)-7-(4'-MethoxyphenyO-1,2,3,11a-tetranyaro 3 k» ^ 

[0306] Cd/Pb coupte (0.51 g) was added portion wise to ^^^^"sSl afmomt^atur^or'^ 
THF(5 mL) and aq. ammonium acetate (1M. 5 mL) The ^pension was n ^ evaporalGd 

iours. then poured into ethy, acetate (200 mL), dned ^S0 4 and ■ e red^T 9 ^ ^ co|ourless o , 

and the res,due purified by hash cotumn ch rom a ography >; • * m) . 3 . 35 {m , 5 H); 7.0 (d J- 

(0 1 q. 70%): 1 H NMR (CDCI 3 , DMSO-cfe) b 2 .1 (m ^2 H , ^ m, 2 ) 7 . 8 (d , J, 4.4 Hz, 1H.) ; 

8.8 HZ, 2H); 7.36 (d. J - 8.3 Hz, 2H); 76 (d, . 8.6 ^^^72 (dd, J 2 ^ ^ g; 1 ^ ^ . ^ 

8 2 (d. J= 2.2 Hz, 1H). 13C NMR (270 MHz, CDCI 3 DMS ^ 8 ^ ' (Nujol): cm-1 3000-2800, 1662, 1607, 1491 
127 V; 127.8; 128.0; 129.3, 131 .0; 138.7: 144.3: 59.4 ^■ ^JS ( 5) , 237 (10 ), 182 (12), 153 (10), 132 
,454, 1245, 1069, 823, 759. MS: ^ (relat.e .tens, W ^ + ^ (c _ 0 . in . cH^OH). 

(5), 70(10) HRMS Calculated for C 19 B 18 N ? 0 2 .30b.i^/. r 
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[0307] 




NO a 



v u , « hwH»™w 10 N-f2" 2" 2"-trichloroethoxyc a rbonyl)-1,2,3,10 l 11a-hexahydro.5H- 
(11S.11aS)-7-(3'-Nitro)phenyl-11-hydroxy-l0-N-tz ,z ,^ 

is pyrrolo[2,1-c]-L1 ,4]benzodiazepirv5-one (139) 

Na 2 C0 3 10 16 g, 1 .48 mmol) were heated at reflux, nigh J a mix4u ^ ^ ^ x 2Q m|) 

r nL) and water (2 mL). The reaction mixture was ~ ^ e yetlow oil. Purification by flash chromatog- 

20 The organic phase was dried over MgS0 4 and evaporated to y.eld a c rude ye. ^ } g 

raph y (ethy, acetate/petroieum ^ 50 *°> « 1H); 5.76 <d, ^ 10 Hz, 1H); 

2.0-2.2 <m, 4H); 3.6 (m, 2H); 3.76 (m, 1H); 4 31 g J - _12 ! Hz 1H^ t . ^ 6 ^ & 1£Q 4 _ 

7.5-8.5 (m, 8H). 13C NMR (68.7 MHz, CDCI 3 ) 6 22-9, 28.7 46 4 , 39. 7 = ^ ' 3000-2800. 1721, 1626, 1530, 
129 . 9 , 131.2, 132.0, 132.8, 133.9, 138.3, ^^^^^^^.292 (15), 267 (54), 221 (16), 

* 1455, 1349, 1062, 821 , 759. MS: mto (relative mtons.ty) 513 (M ), S3 (g). ( ) g _ + ^ ((J 
197 (18), 164 (15), 70 (22). HBMS Calculated for C 21 H 18 C 13 N 3 0 6 . blb.J^w. 
= 0.1. CH 3 OH). 

(11aSW 3.- N H~pK«n,0-1.»^ 

" ,030a, A sofohoa O, TBAF In THF ,*£T» ^,^^^1^ ™ 3 

n of THF (20 mL) and the reaction mtxur.e allo.od to sir for 2 hoot, tal re ^ P ha6e „ as dtied 

„„„ .fhyf aootate (50 rhU aad washed »»h ^^X-f-l* «=>«,,, >° 
321 .1113. !ap D = + 129.6° (c= 0.1, CH 3 OH) 
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N ,4.B.a J y.o-y-3.5.dl m «f.oxY^ 

«,„ A setattoh o, UMftttmMrt CM-*™- (1 OS 9, « m» .0 — 0* <" "*» 
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ad dert .op.se over 0.5 — to a solution o f ^^^^^^^^ — 
g, 5.1 mmol) in distilled dichioromethane (20 mL) a 0 a After ^1 hour . ^ anhydrous MgS o 4 . 

DCM (1 00 mL) and washed with 1 N HCI (2 x 1 00 mL ) H£ 0 00 mU bnne (1 > hromatography (sllica gel; EtOAc) 
Evaporation of the solvent yielded a brown oil which was ^ f C ^ V f ^ MHz CDcy s , . 6 - 2 .2 (m, 4H). 3.3-3.6 
to aSord the product as a yellow glass (Z65 94* . 1 H NMR (27 MH ^ ^ ^ ^ g 1 R) 

(m , 2H), 3.6-3.9 (m, 2H), 3.8 ( S , 3H), 3.9 (a 3H 4.2-4.3 (m, H) 4 .8 (s^ ) ^ ^ ^ ^ ^ g£ . ^ 

7 3-7 5 (m 5H); 13 C NMR (67.8 MHZ, CDCl 3 ) 5 171 .5, 153.1 , 142.0, W.OZJ, 
75.3, 74.6, 66.5, 61 .4, 61 .3, 56.3, 50.7, 28.7, 24.6. 

0 1S11aS,-8- b enzy,ox y . 7 ,9-d^^ 

hexahydro-5H-pyrrolo[2,1-c][1,4] benzodiazepin-5-one (142) 
[0312, Anhydrous OMSO (0,7 , 1,5 .mo,) ,n *V°C»^ 

'solution of oxalyl chloride (3.08 mL of a 2N sdu ^^^ZmoJ m dry DCM (25 mL) was added dropwise over 

at -45-C. After stirring tor 15 minutes, the substrate (2 46 g 4 ,38 mmo ) , ry K ^ ^ g . 1? & ^ 

45 minutes to the reaction mixture, wh.ch was then stirred or « * u ^r45 m m 

was added dropwise to the mixture over 0.5 hours and sirred .to, ■ to separate. The organic phase was 

to warm to room temperature, diluted with H O (100 mL)and .he phases a towe P^ m ^ ^ 

washed with 1N HCI (2 x 50 mL), water (2 x 50 mL) bnne * > , NMR (270 MH Z, CDC1 3 ) 8 2.01 -2.1 7 

evaporatedto afford the product as an of f-Wh e glass (8*2 B 11 . 7 4 J 2H) , 5 , 01 (s> 2H ), 5.62 (d, 1 H), 7.08 

(m .4H), 3.44-3.77 (m, 2H). 3.87-3.90 (m, 1 H , 3 88 (s,3H ).: 3,1 (s, <t £ ^ ^ y ^ Q 

s ; 1H)1 7 . 27 . 7 . 48 (m, 6H):«C NMR (67.8 MHl CDCW ,168.7 15 ^% 1 2 75>0 . 61 . 8 , 6 1 .5, 60.2, 59.870, 56.1 , 

128 4 128.3,1285, 128.1. 121.8. 106.5, 106.3. 04.7, 86.2,85.9, 75.6. 75.4./ . 

56.0, 46.5, 46.3, 45.8, 28.7, 28.6, 23.0. 

8-B e nzy.ox y .7, 9 .d i m e thoxy-1, 2 ,3.1l3-te1r a hydropyrro.o [2 ,1-c]l1,4 ]b enzodiazep i n-5-one,143) 

[0313) 1 0% CPb coop, d .2 g: 10 mmo, Cd) was add. * tc ,. ^^^^^^^ 
L mixture of THF (15 mL) and IN NH 4 OAc (15 mL) y^heM h ou^t he reaction mixture was diluted with EtOAc (1 50 
more 10% Cd/Pb couple (500 mg) was added. After a further hou ^ (5Q mL) Re 

mL) . The solution was dried over anhydrous MgSO* and he sol'ds were MHz, CDCI 3 ) 8 

m ova, of excess solvent yielded the product as a ye low g lass (0 8 g 1 3 - - m oL ) ^ ^ ^ ^ 

7 I 73(d,1H.J=4.4Hz),7.36(s.2H).7.31(B.2H).7.11(8,1H).7.08ls,lM),». 1 

(m, 2H), 2.23-1.83 (m, 2H). 

■ Synthesis ofth. CB-U^P B^^^m^I^m 
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4-Nitro-2-(2',2',2'-trichloroethoxycarbonylamino)benzoic acid (145) 

11 bb ml 12 1 mmol) in dry dichioromethane (25 
[0 315] A solution of and pyridine (1 .78 mL 22 mmo,) 
mL) was added drop w,so to a solution of 4-nitroanthran he aci {or ' hours The reaction mixture was 
in dichioromethane (25 ml) at 0°C. The ^^^^T^' * 5mL ) and dried over MgSO, Removal of 
washed with dilute HCI (1 N. 2 x 50 mL), water (1 x 50 c J e duct whjch was used in the sub- 
excess solvent by rotan, evaporation undor reduced pressure afforded P 
sequent reaction without further purification. 
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N-[4.nltro.(2 r ? 2S2-.trichloroethoxyc a rbony| a mino) benzoyl] pyrrolidine-2-methanol (146) 

room temperature The reaction mixture was washed with dilute HCI (1N, 2 xsu mL], warer jou. > ) ' 

dried ovT MgS0 4 and evaporated under reduced pressure. The residue was purified by flash chromatog raphy fEtOAc, 

149.0; 151.8; 167.7, MS; m/e (relative intens.ty) 441 ([M+1], 1), 291 (10) 260 ( 12) ™ 

(20). 77 (20), 70 (100). HRMS Calculated for C 16 H 1S C 13 N 3 0 6 : 439.0104. hound; 439.0105. [aj D - 110.6 (c-0.13, 

CHCI 3 ). 

N-[4-amino(2-,2',2'-trichloroethoxycarbonylamino)taenzoyl] pyrrolidlne-2-me1hanol (147) 

, ,< r, * Jn ri «nn ?H O (2 56 a 11 4 mmol) in methanol (20 mL) was heated at 

rnii7i A solution of 146 (1 Q. 2.3 mmol} and SnOI 2 ^r\2 (J \^ ao y> ' . _i..„,i 

[0317] a solution 01 i««m y L H u„ T i r n°/ methanol ethvl acetate). The reaction mixture was reduced 

reflux for 6 hours (the reaction was monitored by TLC (3 /„ methanol, etnyi aceia , 

to 1/3 of it's original volume and the P H adjusted to 8-9 with satd. aqueous NaHCO a . Ethyl acetate 1W« 
and the mixture was vigorously stirred tor 1 2 hours, then filtered through Ce ,e o ^^J.^^ 
was dried over MgSO, and evaporated to afford the product as a yellow oil (0.94 g 97 /») wh ch was used n he 
reaction without further purification: 1 H NMR (270 MHz, CDCI 3 ) 8 1.8 - 1 8 (m 2H ); 1 9 <m H) 2 17 {m ^^ 3.48 
3.5B (m, 1 H); 3.62 - 3.72 (m, 2H): 3.B4 (m, 1H) ; 4 44 <m 1H* 4 77 Jd , J- J 62 (b^ 1H) - C NMR (6™ MHz, 

^ M46. 3oS2aOO.'%3B 1 620,' 1 433 . 1196, 1046, 963, 820 760. MS: m/e : (relat.e 

(20), 179 (25). 161 (100), 134(8), 113 (25), 77 (35). 70 (85). HRMS Calculated for C 1S H 1S CI 3 N 3 0 4 . 409.0362. Found. 
409.0363. N 25 D = - 60.1 0 (c - 0.3, CHCl 3 ). 

N-[4-(Fmoc)amino(2',2',2'-trich!oroethoxycarbon Vl amino)ben Z o V llpyrrolidine-2-methanot(148) 

pnq An agueous solution of NaHCO a (0.6 g, 5.67 ^Vs^SZSZZ 
r, o 1 mmnn in THF (20 mU The reaction mixture was cooled to 0°C and hmoc^i do g, w , 

758. 740, 667. MS: m/e (relative intensity) 632 (M-), 409 (15), 309 (20), 179 (25), 161 (100), 134 (8). 113 (25). 
(35), 70 (85). [aF D - - 70.3 s (c- 0.25. CHCIg). 

( 11S,11 a S)-8HFmoc)am■,no-11-h y droxy-10-N-(2^2^ 2 ^trich.oroethoxycarbon y l ) -1 ! 2,3 T 10,11,11a-hex a hy d ro- 5 H. 
pyrroloI2,1-c][1 ,4]benzodiazepin-5-one (149) 

' [0 31 9] A solution of DMSO (0.31 m,, 4.4 mmoo.of dry dic^ 

to a solution of oxalyl chloride (2* mmoj in <*™£™ ^ 
for 15 minutes followed by the addition of a solution of 148(1 g. 1 58 mmol) in o ary 

the temecrature below -40°C After further 60 minutes at -45°C, a solution of tr.othylam.ne (0.88 ml 6,32 mmo n 
, To, SI (6 mL) was added and the react.on mixture allowed to warm to room ^£»™^^Z 
was washed with water (50 mL), dilute HC, (1 N, 50 ml) and brine (50 mL}. Evaporation o ^^^^ 
product which was purified by flash chromatography (ethyl acetate/^.ro eum er 50/50 V Removal of excess, elue 
Furnished the product as a pale yellow oil (0.81 g, 82%): 1H NMR (CDCI 3 ) o 1 .96 - 2.16 (m, 4H), 3.47 3.56 (m. 3H), 
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io n H7 1HV 5 64 (d J = 12.1 Hz 1H); 7.22 - 
36 1H): 4.1 -«» <m. 3B); «'%* 28 2 ™ |° 1 4 l 9 ;59 9 aTO; 75.1, 8 6.0; 9 4« 117.7 119* .«,.,: 

70 (10) HRMS Calculated for C 30 H 2G CI 3 N 3 U6- b^y.uoo 

*w «rh rt n«n-1 2 3 i011,11a-hexahydro-5H-pyrrolo 

(11S,11aS)-8-amino-11-hydroxy-10-N-(2 ,2 *2 tncm 
[2 1-c][1 4]benzodiazepin-5-one (150) 

IO 3 2 01 The protected carbino.amine ,4, (0.3 B , 1 .3 n*. J w- J^^S ? xlT^SS^ 
R q of pyridine). The mixture was allowed to st,rfor V h^s^a^d w ^ ^ r ^ ^ fi 

phase was evaporated under reduced ^pressure to . y, eld pate yell m ( 9^ b ^ = 12 ^ * j 

1 9 - 2 2 (m 4H); 3.45 - 3.7 (m. 3H): 4.26 (d, J--A2A Hz, i M) V ^ MHz, CDCI 3 ) b23.0, 28.7, 

0 3 Hz Hi; 6.61 (s, 1 H) I 6.69 (d, J - 7.3 Hz, 1 iR7 3 iR^Nulol) cm" 1 3340. 3224, 3000-2800, 1714, 1602 

46 3 59.8; 74.9; 95.1; 1148, 116.5; ^^^^^S, ,07 40), 381 (5), 340 00) 308 . (25) 
1460 1311 1208, 1061, B26,/59.6bB. MS. m/oireiauye n o*' 407.0206. Found; 407.0206. [a] d = 
161 (looj, ^4 (15), 105 (15), 70 (80). HRMS Calculated for C 15 H 16 C 13 N 3 C 4 . 

47 8" (C= 0,5, CHCI3). 

s v „, M ,,.o,, n iaS,-3.ap,,no-l,«,la^^ „ 

, M21) Cd/Pb coup, » o„, 0 =4 9 , was ■*« P-*- ^^CESSS alTm 
^HF(10mL)Md.queo U .an l m^i Um ac.tatM10 mU). Sl,. ««S^» m Tho organio phaee .« dried over 

"rnporature and th, reaction mirduro wan poured into ""Vl*™* ( ' „ „ ash c.oreWphy (. K» 9* 

721 MS: m/e (relative intensity) 215 (M-. 1^>|JL , ' 63 .3° (c= 0.2, CHCI 3 ). 
, Calculated forC 12 H 13 N 3 0; 215.1058. Found: 215.1059. [a] - 

- .M^s.Bmethvl-7 9-dimet^ 
ExamfilellmllSy^ 
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Methyl 4-methyl-3,5-dimethoxybenzoate (187) 

, r. l ,,ti 0 nof4-methvl-3.5-dimethoxyben Z o,caad 

[03231 Concentrated sulpha acid (1 ^^^^^^Zl was tiled at reflux tor a further 5 
186) (5.01 g, 25.56 mmol) in retluxing methanol ^;^ q of jts orlgina , vo lume. The concentrate was 

.ours and ,hen cooled to ,oom Tho aqueous mixture was extracted w h 

noured onto crushed ice (c. 150 ml_) and allowed to stand to y ^ mL) brlne (2 ,, 1C0 

acetate (3 x 100 mL) and the combined organic phase washed with d ded thG p ro duct as a 

S ^dld over anhydrous MgSO Remova, of -^^^1^ 2H), 3,1 (s, 3H, 34* OH , 
oeige solid (187) (4.865 g, 23J7 mmj 91 %) 1 H M ^ (27C M ^ ^ ^ 105 . 20 , 10 4.70, 55.85, 
2.13 (s,3H); 13 C NMR (67.8 MHz CDCI 3 ) 5 1/1 b/, id/. . 



52.13, 8.77, 8.66 
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Methyl 2-nitro-4-methyl-3,5-dimethoxyb e nzoat e (188) 

, ,.»n.fN0 1 5 37 g 28 57 mmol) was added portionwise to a vigorously stirred 
[03241 Finely ground copper nitrate (Cu(N0 2 ) 3 , 5 3/ reactjon temperatur e below 40 C. 

solution of 187 (4.8 g, 22.86 mmol) in acot,c anhydride (30 ^whilrt Ka P g ^ ^ nnjxttjre was 



10 



2-Nitro-^mcthyl-3 s 5-dimethoxybenzoic acid (189) 



15 



0 



25 



30 



[0325, Potassium hydroxide (3.71 g, 66.31 mmo ) ^^^^^^^ was allowed to 
anhydrous methane. (80 rnL) and the reaction and washed with water (50 mL) and left 

cool and acidified to pH 2 with 1 N HCI and the sol, p ecip ate wa at. re ^ ^ ^ ^ CDCh) fi 

,o air dr^ to afford the product as a yellow-beige solid ( 89) (3.69 g^ 15£ Mf(/ CDcy 5 164 . 09 , 158 .65, 

13.88 (br s. 1H). 7.23 (s, 1H), 3.90 (s, 3H), <J^' 2 _! 4 3H). 
150.09, 139.38, 125 70. 122.50, 107.24, 62.78,56.34. 9.62. 

N . { 4-Methy.-3,5-dimet h oxy-2-nitr 0 benzoyl)pyrr 0 .id1ne-2-meth a r 1 ol (190) 

t t nnf 189 (3 96 q 15 32 mmol) and oxalyl 
[0 326] A catafytic amount of DMF (2 ^^^^^ The reaction mixture was allowed 

chlonde (2.14 g, 16.85 mmol) in dry CH^ ^"^^^^eo^th. procedure. 4-methy.-3,5-dimethoxy- 
to stir overnight and the resulting acid chlonde used d, recti y .n the ' "™ J» hQUrs , 0 a stjrring soluti on of pyrro- 

2 .ni1ro-bon,oyl chloride in anhydrous DCM SO ^^fZT^Z-S eq) in anhydrous DCM (60 mL) at o;C 
„dine mothanof (1 55 g. 15.32 mmol, 1.1 eq) -^^f^w^to ^r overnight at room temperature. The reaction 
under a nitrogen atmosphere and the reaction mixture was washed witn distilled H 2 Q (2 x 1 00 mL) 

m ,xture was washed with 1 N HCI (2 x 1 00 ^1^^ °^ J ded „ yellow glass (190) (2.13 

bone (2 x 1 00 mL) and dried over anhydrous „g S O^aporation ^ ^ ^ ^ 3 gg a ^ 

g, 5.56 mmol. 43% - 2 steps); 1 H NMR(2 0 MHz CDCfe « ^ MHz, CDCI 3 ) 6 167.85, 161.15, 

N . ( 2-A mi no-4-methyl-3,5-dirnethoxybenzoy,) pyrrolidine-2-methano. (191) 
[0327] Hydrazine hydrate (1 .26 g, 39.37 mmol) was addec J * 

methane! (50 mL) gently refluxing over "^'^^^^eemed t be compete by TLC after 2 b. The reaction 
subsided after approximately 1 0 minutes ™ d thfl ^™^ Sed water (1 00 mL) was added to the residue^ and 
m ,xture was filtered fhrough celite and the . solver, eva ' e combin l d organic phase washed with H 2 Q 3 * 

lh e aqueous mixture was extracted with EtOAc (3 > 100 mL] of the solvent af1or ded the product as 

, 1 00 mL) and brine (3 x 1 00 mL) and dned over ^f^LZT^ectlv as the troc-carbamate. 
a brown gtass (191) (1 .91 g. 6.50 mmol) which was protected directly 

N ^Metby,-3, 5 -d«^ 

. [0328] Aso,uliono ( ,2, 2 -tri« 

over 0.5 hours to a solution of anhydrous pyridine (1 03^13 ^ an ^ ^ ^ ^ ^ 

mL) at 0-C. Alter 6 hours at room temperature, t e . eaU on mixtu r annyd rous MgS0 4 . Evaporation of 
washed with 1 N HC, (2 x 100 mL), H O (100 bnn ^^^tomatography (silica get EtOAc) to afford the 

the solvent yielded a brown oil which was punf.ed by flash column » g ? 59 (br s , 1H) , 6 . 5 6 (s, 1H) 

so product (192) as a yellow glass (2.13 g, 4 .53 mmol 70 *) M NMR (270 I * 3.42-3.33 (m, 1H , 

4.78 (br s, 2H), 4.26-4.23 (m, 1H), 3 ^;^ 156.82, 156.67, 154.02. 153.34, 

- - - - - 50 46> 28 53, 24 47t 913 

hexahydro-5H.pyrroto[2,1-c][1,4] benzodiazep.n-5-one (193) 

n ■ an, nrwi f 1 0 mL) was added dropwise over 5 minutes to a stirred 
[0329] Anhydrous DMSO (1 006 g, 1 2.87 mmol) in dry DCM (1 0 mL) was 



79 



EP 1 193 270 A2 



15 



20 



25 



30 



35 



- »rrK4T^«»tr^ 

dropwise to tha mixture over 0.5 hours and stirred tor a lurtho, 15 M> . The ronton motoe w 

157. 92 ; 1 bb.bb ; Tbo ^o, ioi.o^ ^ ™ no rr> oo OA in 14 Q 75 

61.77, 61 .65, 59.98, 59.58, 59.40, 55.88, 55.79, 46.56, 45.38, 28.70, 2B.62, 22.94, 10.14, B./b. 

8-Met h yl-7,9-dimethoxy-1,2,3,11a-tetrahydropyrrolo[2,1-c][1,4]benzodiaze P in-5-one(194) 

a mixture of THF (15 mL) and 1 N NH 4 OAc (15 mL). After 3.5 hours ine n Removal 

126.29. 124.27, 105.71, 60.98. 55.80, 55.70, 53.71 , 46,70, 29.52, 29.34. 24.13, 9.33. 

E xample 4 : Synthesis of the C8~Amines 

* o Hi u^™™ k ^0.10.(2 2 2»trichloroethyloxocarboriylarninoH11aS)-2 l 3^,10,11,11a- 



[0331] 



Troc 
I 




O 

MeO 



o 




40 Nitro Di-acid (153) 

to 70% nitrKC acid (1 00 mL ) stirred at 0°C. 1 he reaction was stirred for 1 hour at _C ^ ^ and 
react.on mixture was then poured onto ice and allowed to stir for 1 8 It. I he sohds were then ccHe y 
4, washed with water. The aqueous iayer was then extract ed i w,th e.hy ^J^J ™Zvl^n vacuo to give 153 as 

cm 1 EIMS nvfc (relative intensity) : 286 (M- 20), 241 (10), 213 (100), 169 (20), 152 (5), (^,, . t 
(15), 55 (10). HRMS Calcd. for C n1 B 14 NO a = 285.0511 found = 285.0538. 

55 2-Propene 3-<4-carboxy-2-methoxy-5-nitroph e noxy)propanoate (1 54) 
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„ c „, The .* - - T - * «. ^ — S STST^"?-^ 

filtration This solid was taken up in EtOAc, and the resulting so lu on w , H _ NMR (CDcy . 

sSmsu.phate. Evaporation h^aflordjd 154a. a whUe so ^ Hz , 5 . 27 (dd , m J, = 1^28 

8 2,92 (t. 2H, J = 6.35 Hz); 3.94 (a, 3H); 4.38 (t 2H J 6 41 H£ 4 ^ ^ 1H) . ^ m (6 

H7.J 2 =19.42HZ); 5.33 (CW.IH.J^ 1.28 Hz ■ J f = ^ " Z ^^Tb 141 1 . 149.1. 152.6, 167.1 , 170.0: IR (Nujol); 
MHz CDCy : 5 34.1 , 56.5, 65.0, 65.4, 108.5, 1115. ^^'^^ 0 Cm -1 : MS (El) m/z (relative intensity): 325 

^^^^ " SB (B); HRMS: calod. -or C 14 H 15 NO s 325.0798, 



found 232.0773 



35 



40 



P,op- 2 -«nyl 4-C«-~^<-^ 

, M rjjy c a t 5 34 rnmol), oxalyl chloride (2 
[0334] 2-Propene 3-(4-carboxy-2-methoxy-5-nit^ fl ^ ^ ^ ^ femoved vacu0 

L 2 3 mmol) and 5 drops of DMF were stirred -n dry THF (100 mL) for 1 . ^ q( 

end the residue dissolved in dry THF (50 vnL). « his ^^^Sthylamln. (1 .86 g, 1 8.41 mmol). The stirring 
lidone-2-caroxaldenyde diethyl thioacetate(3.1 5 g, 1b 34 "™ o the product purified by flash chromatography 
was continued for 1 8 h. The solvent ^^^^ ScDC, 3 ) = » "4 (.. 1 H OCCHC). 6* £ 
oluting with ethyl acetate to give 155 (7.48g 95.-) as a y 0 CH 2 CHCH 2 ), 5,28 <d, 1H, J = 20.24 Hz, 

1H. MeOCCHC), 5.98-5.86 <m JH, C^CH^ld. IH^^ 0 CH 2 CHCH 2 ) 4.42 <t, 2H, J- 7.69 Hz, 
OCH 2 CHCH 2 ), 4.88 (d, 1H, J 3.85 Hz NCHCH) 474 4.65 m, ^ 2 CH 2 CH 2 0), 2.87-2.67 (m, 4H 
CH,CH,OC) 3.94 (s, 3H, OCH 3 ), 3.29-3.21 (m, 2H, NCH 2 ,2 .96 (p.211, J 13C-NMR (CDCI 3 ) : 5 15.00, 15.13 
SCH 2 CH 3 ), 2-32-T73 (m, 4H, NCH CH CH ^38-1.31 ^ o), 50,9 (NCH 2 ) 52.80 

(SCH 2 CH 3 ), 24.63 (NCH 2 CH 2 CH 2 ), 26.28 26.59 2752 (NCH C H 2 ^ ?Q (arom CH) 1Q9 47 ( 

NCHCH) 66.60 (OCH 3 ), 61.08 (NCH), 65.13 ^W^^P 2 2> ^ gg CHaOC)i 154 .57 

CH). 118 55 (OCH 2 CHCH 2 ). 128.58 (CCON 131 73 ^^J"^ 3 ^, ,8200^740. 1640, 1580, 1530, 1340 
(COCH 3 ), 166.61 (CON), 170.14 (COO) IR ^***^ 7 ^\ )t 377 (10), 310 (12), 309 (72), 308 (94). 268 
1?R0 1220 1180 1 050 cm 1 . MS (El): m/e (relative intensity), 52/ (M , 
12B0, liZU, ' ' _ N c _ 5?7 1875. found = 527.1885. 

(20) 142 (4). HRMS calcd. for C 24 H 35 0 7 N 2 ^ 2 - ^' ■ 

5 . 6rn ,„o-3- ( 4, 2 -a^^ 
2-propenylpropanoate (156) 

100 mL) then allowed to cool. The solvent was then Uned ovem ight. The reaction mixture was 

bicarbonate solution at 0*C. EtOAc (50 mL) was addec i and J» ^ ^ organics wer e then washed 

then filtered through Ceiite and the filter cake washed with e hyl ^ ^ pu , fjed U5 , ng 

with water and brine, dried witn sodium ^P^^^^^^a^ow oil, yield = 5.87g (86%). 1H NMR 
Hash chromatography eluting with 5% MeOH in Vu. OCH 2 CHCH 2 ), 5.31 (dd, 1H, J = T28 

(CDCUV 5 6 B2 (s, 1H, arom. CH), 6.2B (s, 1H, arom. CH) 5.99 b ^ m ' ■ 2 . 5H including doublet 

£ 27 6 Hz. OCH 2 CHCH 2 ), 5.26 (dd, 1H, J = 158 Hz f^^^^H^O). 3.92, (m. 1H, NCH), 3 74 
at 4 62 2H J = 5.49 Hz, NH 2 v NCHCH, OCH 2 CHCH 2 ), 457 (t. 2 ^ J J H ' 83 . 2 2 64 f m> 4H , SCH 2 CH 3 ), 2,28-1 80 

(s^H 0CH 3 ), 3.66-3.57 (m, 2H NCH 2 ) 2,89 (t, 2H J = « » Z ' C .^|J S cH 2 CH 3 ) 26 55 ' 27 23 (NCH^CH2GH^), 
m .4H.NCH 2 CH 2 CH 2 ),1.25(m,6H ! SCH 2 CH 3 ); ' ^ R t 0 ^^ 2 ^ NCH 2 ), 64.20 (CH 2 CH 2 0), 64.41 
34 27 (CH 2 CH 2 0), 53.20 (NCHCH), 56^08 (OCH 3 ), 13 \ .93 (OCH 2 CHCH 2 ), 141 .03 (CNH ), 

(OCH 2 CHCH 2 ), 102.26(arom. CH), 113.71 ^^H). 1 , R ^ eat liquid fjlm) 3500-3000. 3460, 3400, 

i 4 ,74 (CH 2 ^H 2 OC), 1B4 56 (COCH3, i 69 69 ^C^ ^/^^ inlensily): 482 (M-, 4), 347 (2), 

2970 . 1740, 1650, 1535, 1470, 1345 1290 1225 1 1 190 cm V =482 . 1925 . 

278 (31). 137 (1), 70 (3), HRMS calcd. for 0^3^232-4^^.1! . 

, O-^-^-DietnyUhiomethyMaSVperhydro-l^ 

5 (2 2 2 -trichloroethyloxycarbonylammo)phenyloxy)2 propcny.p 

t03 3 61 To a solution of 156 (5,7g, 11 ,74 mmol) in 

S To this was added dropwise at 0°C a solution of .'nchloroethyl chlo ofo waigr (3 ^ 1QQ 

i5 Tc^on was stirred for a further 1 hour at gile a brown oil (8.8g, 88%) 1 H 

m L ) brin G (100ml..),driedov C rmagnes,umsupha^ Me0 CCHC), 5.99-5.86 (m, 1H. OCH 2 CHCH 2 ), 

N MR (CDCI3): 8 9.14 (bs, 1H£H). ^^^^ J^Xh. 1 ^ Hz, 21 .61 Hz, CH £ CHCH 2 ),4.89-4 77 (m, 4H. 
5 31 (dt. m J =1.47 Hz t 27.84 Hz OCH 2 CHOH 2 ), & ^ tai, 
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including double, 1H, J =1-28 Hz, CHCHSEL NH, CH 2 -TrOC), 4.62 (d, 2H J = 1 ^^cm^l^ (m 6H 
OCH 3 ), 3-60 (m . 2H, NCH 2 ), 2.91 (d. 2H J =6^ Hz, CH CH 0.2.8 4-2 a m, 4K SC„ CH 3 , ^2 (m^ 

SFtt 34 27 (CHoCHoO). 27.30. 26.71 , 26.43, 25.24 (NCH 2 CH 2 CH 2 ) , Ib.ZA i4.e/, 2 3J 

froLefn'ensity): 4s. 656 1), 508 (1), 373 (6), 305 (5), 304 (27), 192 (5), 70 (12). 

3 -(ll-Hydroxy-5-oxo-10-(2,2,2-t^ 
10 t elpyrrolo[2,1-a][1,4]diazepin-8-yloxy-2.pro P enylpro P anoate(158) 

103371 A solution of 157 (6 8g 10 34 mmol) in acetonitrile/water (4:1 , 200 mL) was treated with calcium carbonate 

was then filtered through Celite and the f .Iter pad washed with ethyl acetate^ I he organ 
,5 witn water (3 x 50 mL), brine (1 00 mL) and dried over magne = su ph«le _ rh ^7™ product as a yellow 

the resuitmq product was purified by flash chromatography ekiLing with ethyl acetate to give i. p y 
g. 64%) i H NNR ( CDC, 3 ): « 7.25 (arom. CH), 6.66 

1 H J - 9 71 Hz TrOC-CH 2 ) 5.37-5.20 (m, 3H, TrOC CH 2 f OCH 2 CHCH 2 ), 4.55 (d, 2H, J - i>.ai nz, 2 2 > 

4 35 4 22 (m 3H CH 2 CH 2 0 r NCHOH), 3.90 (s, 3H, OCH 3 ). 3.72-347 (m. 3H, NCH + NCH 2 ) ^ 
,o Ch!ch!o 2 29-2 00 m. 4H. NCH 2 CH 2 CH 2 ) «C NMR (CDCI 3 ): 8 170.33 (ester carbonyl C O) 168 (CON), 544 

Sch^ 

<NCH 2 CH 2 CH 2) .MS (E.) m/z^ 
25 55(24). HRMS calcd for C 22 H 25 N 2 0 8 CI 3 = 552.0bbi , Touna o uu 

3 . (11 -H y d r oxy- 5 -oxo-7-methoxy-10-^^ 

1H-benzo[e]pyrro!o[2,1-a][1 ,4]diazepin-8-ylt>xypropanoic acid (159) 

bv TLC monitoring. The reaction was then allowed to cool and the filtered through yeiiie. iwc , CD CI,V 5 

•n LI to g,ve the crude materia, as a yellow -Hd which was used I direc t y , n the nex *%^*£™$ t ] 
7.22 (S.1H.OCCHCN). 7.01 (s, 1 H, MeOCCHC), 6.27 ^ta, COOH ^ f f 7 V^ 2H J -6 97 Hz CH ? CH ? 0), 3.51 (m. 
35 =12.09 Hz. TrOC-CH 2 ), 4.29-4.11 (m , 2H, CHOH) 3.86 3H , OCH 3 ) ^ ^ j -6 96 Hz ' C H 2 C H 2 0 ) 1 3 C NMR 
1H NCH). 2.80 (m. 2H, NCH 2 ), 2.12-1.99 (m, 4H, NCH 2 CH 2 CH 2 ), 21 (L 2H J -6.96 .HZ 2 y 

40 (CH 2 CH 2 0) 

Example 4(a) -^-meth^^ 

45 [0339] 
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w 



15 



20 



25 



, t n.n«(100ma0 196 mmol) in dichloromethane was added! -t sQ|ut|on 
103401 To a solution of 159 0 oumg, u > > , dimetnv | am j no ) P yridine (a mg, o.m mmuij 

carbodiimide hydrochloride (44 mg, 0.23 mmo and 4-( dimeth yla m jy ^ ^ fQr a further 2h 

sh red or h. To the reaction was added pyridine (1 M6 ^mg 0*3 mm > e , uting with 5% methanol 

The so vent was then removed ft, vacuo and the compound Ipunfied by f las ^ {Q 90 ( 

I di htromethane to give the product as a yeUow o . yr d = ™ *~ ^ ^ 4.84-4.74 (m^H^CHO^ 
1 H MeOCCHC) , 5.66 (d. 1H, J -- 5.49 Hz, TrOC -CH 2 ), 5_1 6 (d, n 3 ^ ^ ^ 6 h C-nng NCH 2 

OliaH 4 35-4 23 (m, 2H. CH 2 CH 2 0), 3.90 (s, 3H, OCH 3 ) ). 3_73 J. . C rjng nc h 2 CH 2 CH 2 + 

u ni PH I 292-2.76 (m. 2H CH 2 CH 2 0) 2.11 14 » v 1 4g g4 (c0 CH a ). 

. h'^'nICH CH 2 CH,)- WnMR (CDC.3): 6 1 68.62 (amide CO), 1 67 .05 (CON) J ^ 86 48 

1 48.56 (COCH 2 CH 2 ), 127.76 (^CN) 125 ,95 (CC ON ) ^ } ^ ^ f™^£ & 548 

(N CHCHOH) : 74.98 l<*r^>££$^{^ m/z [relative intensity) 564 (M + 1), 550(3). 549 (2), ^4 
96 02 24 42 (various N-(X)CH 2 ), ^ ^ r 2 2 ' 
^ 547 (2) 546 (8), 279 (2), 192(4), 126 (1 8), 98 (6). 

„ ^ f> i k 11 a-tetrahvdro-1 H-benzo[elpyrrolo[1 ,2-aj |i ,*J al ^ 
3-(7-methoxy-5-oxy (1 1 aS)-2,3,5 ,1 1 a teuanya 

1-pyrrolyl-1-propanone (161) 

Meth ° d A: u , E m , n added 1-(3 dimethylaminopropyl)- 

,„ M1 , To a solution 0,160 0 00 mg. 0 ,64.™,, ,» ™ ««*>" •«™ d " 



mg. 40%) 
30 Method B: 



35 



u r* mt i was added i-(3-dimethylaminopropyl)- 

Sorrr;= 

ane (100 mL) and washed with water (3 x » d by flash chromatography elut.ng with 5 A methanol 



40 Method C; 



45 



50 



Meth ° d C: hh.h 1 M ammonium acetate solution (2 mL) and 

[0 343] To a solution 0M6O (56 mg, 0.1 mmo,) to THF (^--1 £ ™ ffi 4 mg) and the reactt0 n was 
1 mi vt.,r P Qtlrred To the solution was added 10 /o Cd/Hu coup, v so | Ut ion was dried with 

l q ,«« so,pn a ,o and mo soKr.n, removed . n ^» .proa _ ^ mg 56%) NMB (CDa 3 ■ 

wiin S 5% ™, M no, S ,H I 8 ,, CH, B B 8 OH,. «2 ^-^^ff, 

for C 20 H 15 O 4 N 3 = 371 .1845, 1ound 371 .1788. 
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c Mi«ei 9 1 5 11a-tetrahydro-1H^b^^ 



[0344] 



55 



40 



J ^ ^ v ^ T 




O 



O V 



l0345l To a solution ot 159 (100 0.1» in 

Sfcodiimide hydrochloride (44 mg, 0*3 ^.^7^^?™ eaSn stirred J a further 2h. The 
stirred for 1h. To the reaction was added pipendme (25 uL 0-2 J Aortography e.uting with 5% methanol in 
solvent was then removed in vacuo and the compoun I pu.rf ied b flash chro g P V & ? ^ h occhcn) 
dichloromethane to give the product as a yelm - erf, yield - 94 mg 84 A) H = ^ Hz 3 TrOC . C H 2 ), 4.37-4.24 (m, 
6 90 (s. 1H, MeOCCHC), 5.65 (d, 1 H, J - 9.71 Hz, TrOC-CH 2 ), 5.W . , plp eridine-N(CH 2 ) 2 ), 

4H, CHOH + CH 2 CH 2 0), 3.91 (s, 3H, OCH 3 ). 3 ^ 6 H pT P cndinc-CH 2 ); «C NMR (CDCI 3 ): 

2.99-2.83(m,2H ( CH 2 CH 2 O),2.13- 2 .00(m 4KNCH 2 ^ 

S 16822(amideCO).167.11(CON)15^ ( CH 2 -TROC), 65 38 

(CCON), 114.19 (arom. CH), 110.44 (arom. CH) 95 .02 ^). ™> \ 25 4 8. 24.44 (various N-(X)CH 2 ), 

CH 2 CH 2 0), B0.33 (NCH), 56.08 (OCH 3 ), ^^^^^^^{^ 246 (1). 192 (4), 140 (32), 113 

1-propanone (163) 

in tuc ,<a mi n was added 1 M ammonium acetate solution (2 mL) 
[0346] To a solution of 162 (94 mg, 0.1 62 mmol) in THF (3 ^) wadded ^ ^ ^ 

and the react.on mixture stirred. To the solution ^ added ^^^J^ (20 mL) . The solution was dried 
was stirred for 90 minutes. The reaction was filtered and ^ , ied b flasn chromatography 

with magnesium sulphate and the solvent removed '" vaC ^ZZt l Z^6 (yield . 25 mg. 39%). 1 H NMR 
e ,uting with 5% methane! In dichloromethane , to gw > the compound as - s (y ^ ^ j = ^ Hz 
rrOCI V 57 67 (d 1H, J - 4.4 Hz, N-CH), 7.51 (s, 1H, OCCHCN). BBS (s, in, # „CH 2 0), 

2.33-2.29 (m, 2H, C-ring CH 2 ), 2.11-2.02 (m, 2H C-rmg * ^ m 61 P ( P COC h 2 CH 2 ), 140.70 (arom. CN), 

6 168.19 (amide CO). 164.66 (imine CH), 162.43 ( C ^«^{fOC^. ^ ^ (N CH),46.70, 46.39, 
1 20.31 (CCON), 111 .51 (arom. CH), 11 0.58 (arom ^ 65 ^J^^^J < s (E | J m/e (rel ative intensity): 385 
™S fe^™t f^r-^ HRMS C^d. for = 385.2002. found 



385,2053 
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-(11aS)-2,3,5,10,11,11a-hexahydro-1H-benzo[e]pyrrolo[2,1-a][1,4]diazepm»y»oxy . ^ k 

L0348, To a solution of 1 59 (1 00 m* 0, 96 mmo,) In DMF was added ^'^^^^^Z 
hydrochloride (44 mg, 0.23 mrnol) and 4-(dimelhylammo)py nd,ne (5 mg j£ ^ Jhe so|vent was then 

the reaction was added indoline (27.4 mg, 0.23 mrnol) and the taction s hired ^ a ™ ^ dichloromethane 
removed ,n vacuo and the compound purified by ™J**™^^™ Z 4H NCH 2 CH 2 CH 2 ), 3.20 

to give the product as a ye„ow oilfield - ^^^^CHOH) 3 89 f 3H O 3 4 ^4 .09 (m,l H , indo.§-CH 2 ), 
(t,J = 8.42Hz,CH 2 CH 2 O) > 3.71-5.00 ! (m,4H ; NCH 2 ,NCH l CHOH) ^n, a,, T rOC-CH 2 ). 5.30 

4 27 (d 2H. J = 11 90 Hz, indole-CH 2 ). 4.43 (t, J « 6.23 Hz, CH 2 CH 2 0) 5.16 (d, 1H J - 1V9 Hz_ r z j 
132 14. 131 .99 (indotyl ring junction), 128.61 , 1 28.43 (mdole-CH) 127^52 ■ ^^°^ 4 c b < 60 13 (NCH) 56.11 

^^^^^^ 

(bs, 1H, NH), «CNMR(CDCI 3 ): & 140.37, 140.36 (ring junctions), 127.15, 1 26.90, 122.60, ^^^.t> 
52.31 (CH 2 ). 

1 ,(2,3-dihydro-1 H-indo t y,)-3-(7-methoxy-5-ox y( 1 1 .8)4.3.5.11 a-tetrahydro-1 H-benzo [e]P yrrc,ot1 ,2-a][1 ,4] 
diazepm-8-ytoxy)-1-propanone (165) 

~ ^ ix tuu mi i w^q prided 1 M ammonium acetate solution (2 mL) 
[0350] To a solution of 164 (71 mg, 0.116 mmol) in THF (3 mL) « dS ^ dded ™ " ?2 m ^ and the reaction 

and the reaction mixture stirred. To the solut.cn was added 0 * ^.^^ ^^l, jhe solution was dried 
was stirred for 90 minutes. The reaction was ^.^J^^^^^S^^ f,ash chromatography 
with magnesium sulphate and the solvent removed m vacuo. The produ ct J» ™" P un ™ _ y 26 mg 5 4%). iH NMR 
eluting with 5% methanol in dichloromethane to give the ^«™^"™J^ f^, 1H . arom. CH). 
( CDC, 3 ): 57.66 (d. IH, J = 4.58 Hz. CH-N). 7 .50 s arom. CH , 7.19 (m^H n d .y . arorr, CH) ( . 

4.48 (m, 2H, CH 2 CH 2 0), 4.18-4.19 ^"^^ ) ^ 1 2 { %^^^ ' N CH 2 CH 2 CH 2 ); NMR (CDCI 3 ): 5 
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-(11aS)-2,3,5 ] 10,l1,11a-hexahydro-1H-benzo[e]pyrrolot2,1-a][1,4]diaze P n «y y v 

l0352] To a solution o. 159 (1 00 mg, 0.1 9. mmol) in DMF was ^^^^^^^^ 
hydrochloride (44 mg, 0.23 mmol) and 4-(dlmeLhylammo)pyr,d.ne (5 mg ™* ™° '> ^ ^ 

,he reaction was added indoiine (27.4 mg, 0.23 mmol) and ^^ZZ ^sTZ^ in dich.oromethane 
removed ,n vacuo and the compound purified by .ash ^omatography e.utmg wit 5 ^^^^^ arom . , arom . 
to give the product as a yellow oil (yield - 75 mg, 64%)^H-NM *<^\* 7 *?™ 9 (d 1 H J = 9.7 Hz, TrOC-CH 2 ), 
CH), 6 91 (., 1H, arom CH), 5.66 (d. 1H^ = 9.7 Hz TrOC -CH , 5 .30 (s,_1H .^^^ ^ (d , 
4.94 (m, 2H. isoindoly t CH 2 ), 4,79 (s, 2H .somdo^CH )^38 t, 2H - 6 42 , a 13 C - NM R (CDC, 3 ): 

Hz,C11-H).3.81-3.40(2H : NCH 2 ),3.03^B5(m2H,^ ^36.11 (isoindolyl ring 

5 1 69.1 7 (CON), 167.02 (CON), 154,27 (OCO) 149.91 (COCH 3 > \ff*£°™* A £ CH) , 110 .54 (arom. CH), 

OH i.e. C 27 H 27 N 3 0 6 CI 3 - 595.1044 

- 0 o c iiH.tptrHhvdro-1H43enzo[e]pyrrolo[1,2-a][1,4l 
1,{2,3-dihydro-1H-2-isoindolyl)-3-(7-methoxy-5-oxy{11aS)-2,3,5,11a-tetrahyaro 

diazepin-8-yloxy)-1-propanone (167) 

, ,• r& 1RK it* mu 0 122 mmol) in THF (3 mL) was added 1 M ammonium acetate solution (2 mL) 
[0353] To a solution of 166 (75 mg, 0.122 mmoij m i n I ' ^ , 76 mq) and the reaction 

and the reaction mixture stirred. To the solution was added ^i J^lZT^eta^ (20 mL The solution was dried 
was stirred for 90 minutes. The reaction was filtered »d *u£"J J "wasTen urifSd by flash chromatography 
with magnesium sulphate and the solvent removed ,n vacuo. The prod«twa s then p „ y ^ ^ 

eiuting with 5% methanol in dichloromethane to give the compound as wh.t sohd I y eld g ^ 

( CDCl 3 >: 5 7.66 (d, 2H, J = 4.39 Hz, N=CH), 7.48 (s 1 ^ r0 ^\ 7 ^ 4 ^ ^TnSotyl CH 2 ) 3.61-3.51 (m, 1H, 
CH), 4.4B (t, 3H, J = 6.59 Hz, COCH CH , 4H ,W 2 CH 2 CH 2 ); ^ ™* 

NCH), 2.97 (p, 5H, J = 6.9 Hz, CH 2 CH 2 0) 2.32 ! 2.28 I (m, . tf. (C OCH 3 ), 147.63 (COCH 2 CH 2 ), 140.57, 
(CDCI 3 ): 6 169.29 (amide CO), 164.66 (.mine CH . 162.52 (CON) ^ 3 > ^ CH)< 110 53 (arom. 

arom CN). 127.36, 127 56, 123.04, 122.62 (indolyl arom. CH) ,120 .38 ^O^ 1 "- ? ' (COCH 2 CH 2 ); 

CH), 65.1 6 \cOCH ? CH 2 ) 56.06 (COCH 3 ), 53.73 » (NCH), J M« , -70, 34. ^ J Q , (o( 

MS (El): nWe (relalive intensity). 419(M + ,2i),4io^j, J v 
C 24 H 2 50 4 N3 = 419.1845, found 419.1821. 

ggg^fely,^^ (See Figure 26) 

Synthesis of N-(rerf-butoxycarbonyl)-3-hydroxypropylamine (196) 

, [03543 A so.ution of (Boc) 2 0 (25.0 g, 114, mmol) in anHydrous ^^^^^^^ 
of 3-amino-1-pro P anol (195) (7.8 g, 104.5 mmol) m anhydrous DCM (100 mL ^ ^ e 9 vealedcompleteloss 

reaction mixture was allowed to stir for 12 h^V^M *S ^ZLT^^Je buffer 0.5 M, pH 5.4 (2 
of starling material The solution was diluted with Et a O (150 mL) and wasried wun p u 
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10 



15 



20 



25 



. , iCr , rv^cQ solvent was removed by 
x 70 mL) sat. aqueous NaHCG 3 (70 mL), brine (2 x 70 mL) and ^ 9 T^f^oSX^ N»H (270 MHz. CDCI 3 ): 
evaporation under reduced pressure to give a viscous colours 96 0 ^ j ^ Hz „ r) 3 „ (d , 
5 1 44 (s. 9H. CH 3 ), 167 (m. 2H. H2'). 3.26 (q 2H J = Hz H3 £ 3*5 ■ ( . ^ ^ g? ^ ^ 5Q g 

1H J- 6 04. 5.87 Hz, OH). 5.18 (br. 1H. NH); 13 C NMR *f 7 - 8 ., M . H ^ ' r7m-1- 30 1 120 (100). 119 (31). 1 02 (49), 83(33), 
]CV . 79.4 < W 157, (C-O); MS (E/l) m* (relative ,ntens,ty Y 176 <M * ) 120^ ^ |r ^ „ 

76 (67), 74 (36): HRMS (E/l) exact mass ca,c for C ff^% 1253 1173 _ 1072 , 996 , 91 4. 370, 781 , 752, 638, 
3355.2976,2936,2878, 1310,1694, 1531, 1455, 1392, 136h, 

Synthesis of Methy. 4. tN .(.e rt -buto X yca rb ony 1 )]an li nopropy,oxy- 3 - m etnoxybenzo a te (19B) 

[0355] Aso,ulicno, D EA D (18,g,105.3 m mo,)inf^ 
Solution o^^^^^^ 

1-propanol (196) (18.4 g, 105.3 mmol) n ^"^^i^U-ralu™ overnight and the progress of the 
DEAD was added the reaction m.xture was allowed ,o , stir at roorn £ y evaporation under reduced pres- 

reactl on was monitored by TLC (50% EtOAc P , ^\™^ B *^ T PO and diethyl hydrazinedicarboxylate, 
sure and the residue was triturated wtth ht 2 0 (300 mL £°^™°s H 2 0 (2 x 150 mL). bnne 

wnich were removed by filtration. The tntrate ™^£^^™ WB ^n under reduced pressure and the 
(2 x 150 mL) and dried over MgS0 4 . Excess solvent ^J^oAc) to afford a beige solid (30 g, 85 

crude product (198) was purified by ^J^^l^C^^^ < m 2H ' 3 38 ^ ^ ' = ^ 
%>. mp = 79-82 °C; 1 H-NWIR (CDCI 3 , 270 MHz), o 1 _46 (s, 9H, CH 3 J 2 i ^ g ^ ^ ^ ^ g M 

6.04 Hz KT). 3.90 (s, 3H, OCH 3ester ), 3.»lj,* ; ^ ^ 202 . 8 . 42 H z, H6); 13 C-NMR (CDCf 3 , 6^7 
<d 1H . J -8.42 Hz,_H5), 7.55 (d, 1H, J = 1.83 Hz «2>. 7 65 <°°' (Q ) 6B1 (CV) , 78 .9 (C quater ), 111.3 (OS), 

MHz): S 28.5 (C prima ), 29.2 (C2"), 38.9 ,«) 62.0 <OOW 55.8 I & ^ ^ 

112.0 (C2), 122.84 (C arom ), 1 23 .5 (CB), 148.8 (C ) 152, C ), I ^ fw c H no^ m 'e 

intensity) 339 11), 266 (13), 182 (42), 151 (27)^102 (100), HRMS <E£ ^ ^ ^ ^ ^ 

339 1682. obsd mfe 339.1733; lR (Nu|ol°) m. (cm 1) 3362, 2923, 
1217, 1132, 1045, 1022, 872, 780, 762, 722. 

Synthesis of Methyi ^Aminopropy.oxy-B-methoxy-S-nitrobenzoate (199) 

[0356] The ester 193 (4.0 g. 1 1 .8 - was added ^^^Z^^Z 
[ o, substrate) at room temperature and the reaction ™je « lowed to ^ ^ q( wate 

Sealed the complete loss of startmfl rnalenal. ™e '9**™ mixture ^ ^ sma „ < 

was added, precipitating the product. The prec,p,tate wfJS co|lectcd by vacu um filtration and washed 

f of iced water. The filtrate was cooled and a second c op of prea p, ate w * which was 

with iced water. The combined precipitate was dried « vacuo P™* P 1 01-103 °C; 'H-NMR (CDCI 3 / 

L purified further, but used directly in the subsequent reaction (2.3 g. 70 £ P ^ 4 24 

DMSO-d 6 , 270 MHz): 8 2.31 (m. 2H, H2>) 3.20 br, 2H W). ,3.* ^.^c-NMR (CDCI 3 , 68.7 MHz) : 5 26.5 (C2') 
2H. J= 5 95 Hz, HI'), 7.11 (s. 1 H, HE&7.49 (s, 1H, ^ 8.2 Hs 3KJNH . & UQg (C2) ^3 

«r 2 ^ SS S 8 r 5 ^« 2 . 1224. 1143, 1052, 334, 
284,1018; IR (Nu]ol°) n: (cm' 5 ) 3472 : 2937, 2911, 
812 792. 773, 756 : 724 1 646. 

, ^^u, Man qi4mmol) in aqueous methanol (77 mL, MeOH; 15 
[0357] A solution of 199 (3.9 g, 112 mmol) and KOH ( _9 g, 3^ ' ' 100:10;1) sealed complete 

mL H 2 0) was heated at reflux for 90 minutes At wh,eh time TLC («OAo jced essure gnd the con . 

so consumption of starling material. Excess MeOH ^-^W* con , HC i, diluted with THF (100 mL) 
centrate diluted with H 2 G (20 mL). The Fluorenylmothy. chlorofonmate (3 0 

and sodrum carbonate (2.9 g, 27.9 mmol) was added to ^^ th ^ c °' soluljon P and the re act,on mixture was allowed to 
g , 11 6 mmol) was added portionwise over 3C » ^mutes to the bas^ wM»n ^ ^ aquQous fract!Qn was 

Sir for 12 hours. Excess THF was removed by ^^Z^X^mro^^ and related by-products, The 
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™ wu x s 1 81 (m 2H «?). 3.43 (m. 2H, H3'), 3.78 (s, 
,A7n 86°/) m p-145-146»C;lH.NMR (CDCI 3 , 270 MHz): S 1.81 (m 2H J. NH). 7.14 (s, 1H, H6), 
reaction (4.7 g, 8b /»). mp - > j fi 41 Fmoc CH £ ), 5. (U (Dr, in, » 

3H OCH 3 ), 4.08-4.23 (m, 3H, HV + Fmoc CH), 4.49 <c I ^ ? 15 Hz Fm0 c ar ^). 9.62 (s. 

7 26 7.41 m, 5H, Fmoc ary1 + HS), 7-59 (d 2H J= «1 *. Fm«^). I ^ 66.3 (CH 2 Fmoc^ 

H CO H) 13 C-NMR (CDCI 3! 68.7 MHz): 5 3.8 (C2), 39 ^ 1 <f 7 >. *'1L C j 128 . 0 (C, rom ), 137.0 (C arom ), 141 .3 
68 5 (SlT 107.9 (C3), 111.1 (08). 120.0, 124.9 127.1 and 127 ,7£H Fmoc ) - ^ ^ ^ 

(C Fmoc ,) U3.8 (C Fmoc ary1 ), 148.2 (C arom ), 1 f Jj^^f,^ 178 ( 67) 165 (30), 102 (17), 93 (13), HRW1S 

^^^^^^ 

pyrrolidine-2-methanoi (201) ^ 
[0 3 5 S, A catalylic amount o, OMF (2 drops) was added to a ^ 

and oLyl chloride (2.3 g, 17.9 mmol) in of acid chloride was cooled to 0"C (ice/acetone) 

The reaction mixture was stirred tor 1 6 hours and he resul mg so ut.or of DIP FA (4.6 g, 3577 mmol) in 

^der a nitrogen atmosphere. A solution of pyrrolidmemethanol (1 * g 1 7* J ^ rcaction m 

U a n nh drous DCM (40 mL) was added ^^^t^tra^S 2 hours, at which time TLC (95% EtOAc 
was allowed to warm to room temperature. Shrnng wasconunu HC| (g x 1Q0 mL) h 2 q (2 x 

McOH) revealed complete reaction. The react.on nmxture was gashed ration under reduced pressure 

Too m . brine (1 00 mL), and dried over £ m Tchr myography (99% CHCI 3 /NeOH) afforded 

to anord the crude compound as « 

901 as a beiqe solid (5.6 g, 82%). laf*> D = -53.3 (c i . , 3 n ( 3H 0 CH 3 ), 3.86 J.Ji 

^9 1 S .S8 (m 9 4H, m - H3), 2.04*12 ,m » 3,6 J^£.*«£ ^ ^ , 65 (b 1 H NH) 6,8 < S , 
(m, 2H. CH 2 -OH), 4.08-4.24 (m, 3H. HI + Fmoc C^, 4.3 ^ h )( 7 . 76 (d , 2H, J - 7.32 Hz 

u He' ) 7 27-7.42 (m. 5H, H3 arom + Fmoc ary1 ), 7.61 (d, ,J Fnloc)i 49 s {C5) , 

So^™ (CDC,, 6.7 Sli (Cai). 108, (C6_). 1^0. 124.9 

56.6 (OCH 3 ), 60 4 (C2), 61.5 (CH 2 -OH • 66 " 2 ^2 F ""° C)l . 14 | 3 (C Fmoc ary1 ), 143.9 (C Fmoc ary 1 ), 1485 \C . 
127 0 and 127.7 (CH Fmoc ary1 ), 128.0 (C ). 137.0 (C J, 1 ^ »y 5?6 (M+ . + 1 _ 32) , 191 (18 

576.2257; 1R (Nujol°) n: (cm" 1 ) 2626, 1714, lbio. 
759 742 

pyrrolidine-2-methanol (202) ^nt-moo 

>x „a ^nPU/?HoO (10 2 g. 45.4 mmol) in MeOH (100 
r0 3591 A mixture of the nitro compound 201 (5.5 g, 9.5 m ™^*^f"* /o c H Cl 3 /MeOH). After 2 hours excess 
mn was he^ at reflux and the progress of the reaction men, tonngj ^^.e was cooled (ice), and treated care- 
MeOH was removed by evaporation under reduced ^^^^^m, EtOAc (170 mL) and after 16 hours 
1 "with sat. aqueous NaBC0 3 (170 mL). ^^^^Z^ trough Celite. The organK. layer w s 
stirring at room temperature the inorgamc P re d and evaporated in vacuo to give a brown sol d_ 

eparated, washed with brine (1 50 mL), dned ove rMg J «te ed an p ^ ^ ^ r greyjS h- P .nK sol.d 
Pumicafion by hash column ^^^.f * C ^S"U«H (CDCI3, 270 MHz): S T6B-1 .85 (m ^ 
(4 3 g. 82%). [«F° D = "78-6° (C = 1 .02, CHC^ mp - M . 3 g? 3H 0CHa); 3.72-3,78 (m, ^ 

H3) 2 00-2,04 (m. 2H, HZ), 3.43-3.45 (m. 2H, H3), 3.49 1 3.58 (m^ ■ ' ( 3H: m + FmocCH 2 ), 5.92 

^-OH), 4,04 !t, 2H, 5.58 Hz Hi'). ^ W ] ~ ^^^lc a ^,7^ (d, 2H, .-732 Hz F™« 
(br 2 1H.NH).6.23(S,lH, H3 arom ), 6.71 (S, l ^aroJ. ^ ^ (C 4) 28.6 (C3), 29.1 (C2"), 395 (C3). ^.3 

7 75 (d 2H J= 7.33 Hz, Fmoc ary1 ) ; «C-NMR (CDC .6.7MH z)^ 0 r ^ q ^ q ( , n ^ e 

[nn Fmoc) 51 0 (C5). 56 6 (OCH 3 ), 60.4 (C2), 61.1 "' 2 ? 8 (C ' s, 14 1.3 (C FmoC ary1 ), 144.0 (C 

CH Fmoe^61.0 ( ^ ^ ^ 128.0 (C )^37.8 ,C , ^ ^ 

(M+H) : m/e 546.2626 obsd m/e 546.2532 ; IR (NujO! , 
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SvnthesU of ( 2 S)-AH4-(N-9-fluorenylm e thoxyca^^ 

mmom \emperature and stirred for a «urt h- 3 hour, a w ,ch ,me TLC (E O Ac) ™ ^ P ^ ^ drjed Qve 
material. The reaction mixture was " ash ^ w,lh ^^ 

MaSO, filtered and evaporated in vacuo. Trie crude residue was purmeaoy , 0.87, CHCI 3 ): 

mp- 64-7 0 ^-NMRtCDCI^MHz).^ ^ ^ Fmoc CH)> 4 , 43 „ 4 .45 (m, 

(m H 4H, H3' + H5), 3.72 (s, 3H. OCh 3 ), ^^"T; r/n 4 83 (d 1H 12 00 Hz, Tree CH 2 ). 5.89 (br, 1H. Fmoc 
^H, Fmoc CH 2 , K2), 4.76 (d, 1 H, J = 12 00 Hz, ^C^A^.W.J ? gg 1R 7 . 75 

NH), 6.82 (s. 1H. H*W 7 25 " 7 ' 41 ^SSS a 3 , 68.7 MHz) 5 25,0 (Ot), 28.2 (C3), 28.9 
(d 2H. 7.51 H/, Fmoc ary1 ), 9.06 (br s, 1H, rrocNfJ. C MMR OU - (C H 2 Fmoc), 68.2 (CI'), 

C2'). 39.5 (C3'), 47.3 (CH Fmoo), 51.4 (C5) 58.1 W ^^'^ ( ^. 0 J d 127 . 7 (C-H^t Fmoc), 130.7 
74.4 (CH 2 Troc), 95.3 (C qual ), 105.6 (C3 ar ). 110.7 (C6 J, 120 0 1 2 C=O cart)aTna1e Tree), 156.5 

(C arom ) : 141 .3 (C ary1 Fmoc), 144.0 (C ™° ' ,J m/Wrelat ive intensity)" 720 <M- - 1 . 2), 275 (4), 192 (29), 179 

™ ™ - 1464 ' 1378 - 1215, 1170 ' 1119 ' 



1024, 817, 759, 740. 



25 



m kwrfroitv-fi-(N-9-fluoreriylmethoxycarbonyt) 
Synthesis of (11* 11aS^10-N-2,2,2-trichioroethyloxyMrbo^ {2Q4) 
a rninopropyloxy-7-methoxy-1 ,2,3 t 6,9,»a-h C xahydro-5H-py rrolo[2,1 C ]p ,4] 

,0361, A„ glassware, needles an, can.u.ae used tor th, ^^—^^Z^^ 
were assembled while stil! warm and the enclosed ves -J/'^ towered to -45»C (dry ice/ CH 3 CN) 

distilled DCM (6 6 ml.) was transferred to the ™«™^* n *^™^^ M ? 0 mmol) was transferred to the 
under a nitregen atmosphere. Oxalyl chloride TO mL 2 [^^Zs DMSO (0.3 mL, 0.3 g, 3.9 mmol) in 
, reaction vessel, followed by the dropw,se addition over 30 m.nu es o 1 ^ djgsolved |p 

dry DCM (4.2 mL). After stirring at -45°C for 30 > rmnute^a "^^^^ was ( allowed to stir at -45°C for 45 
dry DCM (6.6 mL) was added dropwise over ™™^™££^ A ™ 0 .8 mmol) in dry DCM (4.2 mL) over 30 
minutes, the mixture was then treated dropw.se , jrt ^ <1 ■ ^ consumption of starting material. The 

minutes at -45-C. After 35 minutes, TLC (97% CHCIg/MeOH) reveled comp ^ ^ 1 n hq| solutjon 

5 reaction mixture was allowed to warm to room ^*^ U ^J^ to vacuo. Purification by flash column 
(30 mL), H ? 0 (30 mL), brine (40 mL). dned ^^^J^jm as abr0 wn solid (0 48 g, 78%). [a] d 
chromatography (97% CHCI 3 /MeOH) ^"^^ JSS 270 M W 2 00-2.17 (m, 6H, H2 + H2' + H1), 3.43-3.60 
= .,62.3= (c = 0.83. CHCi 3 ) ; mp = 76-79=C; 1 H-NMR (CDCI3, 270 ^ ' ^' 1 Fmoc CH + 1H Tree CH,), 

( m. 3H. W + M118), 3.66-3.73 (m, 2H, W). 3.78 (s 3H, OCH a , 4*0- 4.32 (m. £H ^ ^ ^ 

,0 4.44 (d, 2H, J - 6.78 Hz, Fmoc CH 2 ) ^^^j^^t 7.32Hz, Fmoc ary1 ), 7.75 (d, 2H, J-7.51 
1H.NH), 6.82 (s, 1H, H6), 7.23-7.41 (m 5H H£ £ Fmoc ,) ,7 6J ^r, ? g (CH pmQc)| 

Hz, Fmoc ary1 ) ; 13 C-NMR V^;"™^?? ™ 7" ^ 1 roc . 86.4 (C11), 95.1 (C qual) , 110.5 (OB), 113 8 
56 0 (OCH3). 60.0 (C11a), 66.4 [CH 2 Fmoc), 68.3 (CI J^f ^ \ Q " , 141 3 (C Fmoc), 143.9 (C ary1 

(C9) 120.0 125.1. 127.0 and 127./ (C-H ary1 Fmoc), 128.8 (C J. 130 9 ,6 ^ Fmoc^, 1 67.0 (C4 amide ) ; MS 
« Fmoc), 148.8 (C arom ), 149.9 (C aion? 1«.4 ^-^ 7 ^ 6 ^^?^70 (1 5): .R (Nu,o,) n: (cnri) 
^irrS^ 1 A 1034. 906. 723. 645. 

SynthesiS o f <11aS)8-<N.S-f,uo r ^^ 
so pyrrolo[2,1-c][1 ,4lbenzodia 2 e P in-5-one (205) 

[0 36 2 , Yellow load (II) ox.de (500 mg, 2.24 mmol) was dissolved in ^ ^^^^^^Z 
LddeJ slowly .0 a v, g orou sl y st.rred suspension of ^^^^ carefuliy. After 20 minutes, the 

cadmium darkened as lead deposited on the surface an ^^^^ in ? vacuo . The iumps were crushed 
55 solid couple was filtered under vacuum, washed with H 2 0 and acetone a 

and stored in a closed vial. . ., fi . q4 mmo , Cd) was added in one portion to a solution of the 

[036 3l The cadmium/leac I cor^ (0^62 g o - ^ ^ d «L icetate (1 .0 M, 9 mL) in THF (9 mL) at room 
Troc protected carbinolamine 204 (U Vi g t u.yy mmu., 
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temperature. The reaction mixture was stirred for 4 hours, during which time ^"^^^^^J^ 
opaque with a fluffy white precipitate. When reaction was complete as ^^ n ^ C Th f Iter 

were removed by filtration through Celite, and the THF removed by evaporat.cn i ^der Reduced p sss ure 
cake was washed with several aliquots of EtOAc. The aqueous layer was ex rac ed w,t E »^ c ; 5 ( ^ 8 ^ 
organic phase was dried over MgS0 4! filtered and evaporated, n vacuo P ur J^ ,on ^ f ^h co^m 9 P 

(97% CBCI 3 /MeOH) furnished the target compound 205 as a brown solid (0.47 g, 90 /„) which ^was ep e y p 
ated ,n vacuo with CHC, 3 in order to obtain the N10-C11 imine form of the compound. L «] o -3854 (c -0A7 

CHC, 3 ); m P = 73-76*C; 1 H-NNIR (CDC, 270 MHz^J S 2 M£06 K « ^^^ 2 c %^. 4a (m , 
(m 2H ^'),3.67-3.73 (m,2H ! H3 , 3.80 (s,3H ; OCH 3 )T 3.84-4.23 (m.4M : mia . ri , M 

16 2 i (C11). 

(C arom ), 141.3 (C aryl Fmoc). 1 44.0 (C ary1 Fmoc "J" 34 J ,7,330 (4). 304 (4), 247 (12), 191 (15). 179 

164.5 (C4 amlde ) ; MS (FAB) mk (relative intensity). 526 (M , 15), 348 / , «l 7 V / 

(100). 165 (17), 102 (40), 91 (10), 70 (13); HRMS (FAB) exact mass calcd for C 31 ^f^i^ > ■ g 

m/e 526.2198; IR (Nujol°) n: (cm-) 3327, 1729, 1690, 1601, 1509, 1427, 1261, 1217, 1023, 759,740, 699. 

Examp les 5 to 8 : Cytotoxic ity Data 
NCI tn Vitro Cytotoxicity Studies 

[0364, Th. Na«o„„ C„„«, ln.,i.u,e ,NC„, B.^a. M^.and ^'^^"J^Z^Z 

estimated with an SRB protein assay. 
Method 

[0365] The test compounds were evaluated against ■» human = u o ^^^SZ 

procedures were described in detail by Monks and co-workers (Monks. A et a > °"^ a ' °y ne ^ , ed ta t ceM 

1991 83 7571 Briefly cell suspensions were diluted according to the particular cell type and he expecic. « 
Tnllt So^OO^IIs per well based on cet, growth cnaractedst 

microtitre plates. The ceils were allowed a preincubation period of 24 hoc rs at 37 X '°^is were 
the intended test co~ 

r^rct: £ i - ^ 

reader was used to read the optical densities and a microcomputer processed the readings into LC 50 values, 

*e dosage required to kill half ol the cells. hjch are be , ow 10(l M, which is taken to be the 

[0366] The results presented in examples 5 to 8 are LC S0 values wmcn are ecu i 
dividing line between cytotoxicity and non-cylotoxicity. 

NCI Hollow Fibre Assay for Preliminary In Vivo Testing 

[0367] The Biological testing Branch of the Developmental Therapeutics Program of * e ^" "J^ 8 ^ 
K I wvo screening too, to, assessing the potential anticancer activity o ' ^ hollow u L t d a 

in mice. Each test mouse received a total of 6 fibres (3 intrapentoneally an 3 ^subcutaneously repre g 
, cancer cell lines. These mice are treated with potential anhtumour m e compound diluent 

toneal route using a QD x 4 treatment schedule. Veh,cle con rots cons st of 6 mice , receMng th P 
only. The fibre cultures are collected on the day following the iast day of l ^ 0 ^ T ° om this the 

viable cell mass is determined for each of the cell lines using a formazyn f*^£^^^^ optical; 
%T/C can be calculated us.ng the average optical density of compound treated samples divided by We* g P 
5 density of the vehicle controls. In addition, the net increase in cell mass can be determined .for each sample, as 
' sarnie of fibre cultures are assessed for viable cell mass on the day of implantation into m,ce. Thus, the cytostat, 

and cytocidal capacities of the test compound can be assessed. nan ™ rrP n lines This represents a total 

[0368] Generally, each compound is tested against a m.mmumol 12 human cancerceli lines, his repres 
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rt-H' °/ T/C for each of the 2 compound 
of 4 experiments since each experiment contains 3 ^' ^^^"^^ajerttonlal and subcutaneous samples, 
doses against each of the cell lines with ^^S^ xenograft models on the basts 
[03691 Compounds are selected for further ,n iess m 10 of the 48 possible test combinations 

of several hollow fibre assay criteria. These me ude: (t a of 50 or ^ dm , /subC utaneous cuKure) in 

(12 coll lines X 2 sites X 2 compound doses); (2) act v, y at a d« P ^ ^ ^ ^ |r ^ jmp , ant 

a mmimum of 4 of the 24 possible combmat.ons, ^^ a ^ h ^ ^ rapid evaluation of the activity of a given 
site. To simplify evaluation, a points system has been adoptee *h^a«o P & 5Q% q< g ^ e( reductjon ,„ 

compound For this, a value of 2 is assigned for each compound , so tha , crlterja (f) and (2) can 

Seel, mass. The intraperitoneal and subcutaneous sample -^^^ cell kill of one or more eel, 
be evaluated. Compounds with a combmed IP + SC score or *u. probability of missing an 

,ines are referred for xenograft testing. This comparison dica ed * |p addjt]on tQ these criteria , 

active compound if the hollow fibre assay was used as « f compound )or xenografl testing 

other factors (e.g. unique structure, mechanism of action) may 
without the compound meeting these criteria. 

NCI Human Xenograft Studies 



F , am p le 5 : /n Wro Cyto toxicity of compoundsofjormulal 



25 



. wf ™ subjected to the NCI In Vitro Cytotoxicity study. The 

ro371] Some o1 the compounds synthesised in example 1 were subjected 
(LC^W) are set out below, and are illustrated ,n F.gure 29. 



TUMOUR TYPE j CELL-LINE DESIGNATION 



UP2003 (24) I UP2051(31)J^UP^ 



UP2065 (42) 
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[0 37 2] Ot the compounds tested, the above showed ^^^^S'f.Shex,, substituent (UP2065, 
and b east cancer cell lines. Replacing the C~8 benzyloxy .group r i UP200 (2 ) ^ ^ ^ 

42) significantly changed the ^^'^ ^ ^ tlMty was gamed against the melanoma 
reduced activity against Colo 205 remained). However add, i ^ V ^ MDA . MB _ 435 . 

cell lines SKMEL-2 and MALME-3M, the renal cell line RXF 393 
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i km i ip^iW ^!Vi resulted in increased activity in the 

0.5 uM for UP2052 in the melanoma SK-MEL-2 cell line. 



10 



tAOii "J^ p ^_ ^lirri-"— — — * 

,,.9 wprP subjected to the NCI in Vitro Cytotoxicity study. The 
r03731 Some of the compounds synthesised in example 2 were subjected 
S (LC^M) are set out below, and are illustrated in F.gure 30, 



UP2023(64) UP2067(172) 



TUMOUR 
TYPE 



UP2064 (74) 



jJ^m780)TuP2004 (70) 



f5 
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55 
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" "~ *f^^+ / 1 r \ mnst stronalv in the Lung, Colon, 

l0 374] Ol the compounds tested, the above listed ^^ZV^ei Z Ixchan ging a C-B benzyloxy 
l CNS . Me,anoma. Rena, and Breast cell line ^^^^^S- activity in the Melanoma pane. The 
subshtuent (UP2004, 70) tor a methoxy group UP20 «4. 74 resuKs ^ ana , ogue a(so exh b * 

me .hoxy analogue is more potent and acts ^« a 0^"^ additi0 n. the methoxy analogue exhibtts activity 
improved activity against the colon cancer cell tne C ^° 5 ' J loxy compound. Reptacing the electron r.ch 
against the rena, cell line RXF-393 which « no, f ^tTo^ elJd in slight attenuation of activity in some 
dimethoxv A-ring with an lodo substituted aromatic ring (UP2023 M) me]ano ma cell lines against only 

SCbO. the 9 ana.ogue showed activity against a ^ «P™£ ° ^ hen from an alxene to a Ketone (UP2067, 

3 for the benzyloxy analogue) . Changing the renal CS " lne RXF " 393 ' th6 me ' an ° maS 

172) lead to additional activity against the breast « nc ""'^^ 5 and aqainsl lh e lung cell line NCI-H522. 
MALME-3M. M14, SKMEL-2B, the CNS cancers SF-539 and , SNB ft 9 ^ ^ ^ cancercel , hne 

K.375] The PBD dimcr UP2001 (80) exhMed potent and ^ nd the Ulanoma cell lines MALME-3M 

L-H460, the colon eel, tine HCC-2998, the CNS cancan hne SNB 7 a ^ ^ ^ ^ ^ ^ DNA. 

(very potent, 0.08 uM) and UACC-62 (very potent, 0.07 ^M), wb.cn m y 
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Exam£leJ>[b)j_HoljowJ^ 

[0376] Two or *• compounds tested undent the NO, Ho»ow Fibre Assay an. ,e «*. a, preset 



UP2004 (70| 
8 




Cell Kill 



?5 



30 



, t h tr th* NCI Hollow Fibre assay described above. UP2001 has 
(0377] UP2001 (80) and UP2004 (70) were subjected t ^^^^ M ^ gre atly in excess of 20 ; and 

. rf nil P?001 were performed by the Biological Testing Branch of the NCI as 
[0378] 1 luman tumour xenograft studies on U P2001 were penor 

nud. n*. bcaHng MDA-MB-435 xenografts (human = 
li), UACC-62 (human melanoma) or ^^^ 4 ^ te ^ of 3 doses (6 mice per dose .eve, w„h 
0 45 (middle) and 0.3 (low) mg/kg/inject,on given once every day 

20 controls). . ..-^ the drljq an ri its ability to retard tumour growth. 
[03801 UP2001 (80) was evaluated by measuring Ihe toxicity of X ™™^^ 

%Growth Delay 
Mid I Low 

Hiah Mia low Miyn i — — I l 

1 1 I /11 

MDA-MB-435 



35 




OVCAR-3 



UACC-62 



40 



45 



50 



55 



OVCAR-5 

L " — " ft I ent C/ T/C represents the width of the 

10381) Toxicity represent th. n^to ol ™«»«* ul «««d n*» (C) and pro.on.od „» 

growth observed in the control population. In addition, a 41 A .delay in 

was also observed. Some toxicity towards ^ ovc r 3 « raftS At ,hC h ' 9h 

[0383, A good dose response Cc 0 ^ P o^. At the medium dose the value was 

growth in treated subjects was only 7 * of that observeo , ^ ^ tumours 

U and at the low dose <* 250 mg WM " ^ 

f03841 At the high dose a 73 /o growtn aeiay a 

a result of exposure to UP2001 (80) a c observed in the UACC-62 xenografts for UP2001 (80). At the 

[0385] A similar dose response for tumour growth was observe ht^e m ^ treatQd iumours were 

U Jose treated tumours were 22% <* * e 

28% of the size of the control tumours and at the '^ dose treat 

Again no mice died as a result oi exposure to UP2001 (80^ approximately 50% tumour size reduction 

ever, aga.n, mice died as a result of exposure to UP200t (80). 
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rwQ tumour Athymic nude mice bearing SF- 

l03871 UP2001 (80) was —ed against the ^^^^ 0 L daily .era total of 5 doses. 



Toxicity 


%T7C 


Tur 


nour Fn 


?e 


High 


Med 


"Tow"! 


, — 
High 


Med 


I Low 


High 


Med 


Low 


2/6 


1/6 


2/6 


0% 


0% 


0% 




5/5 


3/4 



10 



15 



Example 7 : /^V^^totoxicit^ 

~ to n w P rP subiecled to the NCI /n WTro Cytotoxicity screen. The 

f0389] All of thG compounds synthesised ,n example 3 , were subiecled 

Si (LC^M) are set out below, and are illustrated m Figure 31 . , 

_„ UP2063 (96) 



UMOUR TYPE | CELL-LINE 

DESIGNATION 



UP2026 (136) 



UP2027 (138) 



UP2028(151) 



25 



Lung 



Colon 



NCLH522 



COLO 205 



HCC-2998 



30 



CNS 



Melanoma 



KM12 



SNB-75 



MALME-3M 



LOX IMVl 



M14 



35 



SK-MEL-2 



40 



SK-MEL-28 



UACC-257 



Renal 



UACC-62 



RXF 393 



Breast 



HS 578T 



45 




50 



55 



colon, melanoma, renal and breast cancer panels. U ™« ^ members of thc me | an oma panel. Inclu- 

CNScell line panel. However, UP2026 (136) was ac ,v : aga n sl ^ as ^ was on!y observ ed 

sion of a methoxy group in the C7 aryl mo.ety ( 38 rested ,n increa ^ !ntroduction Qf a mlro 

in the lung cel. Hne NCI-H522. the melanoma cell I ne SKM^ ^ e ke| lhat activity WO u!d be restored once the 

in the lung, melanoma, renal and breast cell line panels. 
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10 



15 



20 



25 



30 



[0 391 , Tne compounds synthesised in example 4. were subjected to the NCI In Vitro Cytotoxicity study. The resu.ts 



'50' 



35 



40 



45 



TUMOUR TYPE 


CELL-LINE DESIGNATION 


Ur2UUo (TO i ) 


— 

I JP2008 (167) 




i n (■ 


ii M"l 


Lung 


NCI H23 




8 9 




NCI-H522 


o. / 




Colon 


HCC-2998 




3.1 


CHS 


SF-295 








SF-539 


7.7 1 




Melanoma 


, MALME-3M 


7.5 


6.8 




LOX IMVt 


9.2 






M14 


6 2 






SK-MEL-2 


7.6 


6.5 




SK-MEL-28 


6 5 






UACC-257 




7.1 


Renal 
— — 


RXF 393 


6.8 

! - 





-.r,rx _. , loonnK nnd UP200S (167), demonstrated cytotoxicity (LC 50 ) in the 

[0392] Two of the four C8 PBD ^de* Zoma and renal cancer in panels. The compound 

NCI assay. UP2005 (161) showed ^^ ^.^^^^^ out of the B melanoma cell lines. UP2008 
was particularly active in the melanoma pane, ^^^^^J^nams panels. Again the molecule 
(167) revealed a slightly different profile being active in Ihe lung, colon, an 
was particularly active in the melanoma panel. 

Example 9: Further results fo r PBD dimer S JG-1 36jUP200LjQl 

compound (i.e. a measure of the stabilisation ° f f where the calf thymus DNA 

[0395] The melting temperature was determined for a 1 .5 .mo ar raffc ot v g Jl J ^ ± 

concentration is 100 mM in aqueous sodium phosphate buffer C m ^^P h °? c valuefrom30 separate 

0.01 ). For calf thymus DNA at pH 7.00 ± 0.01 , the melting temperature ,s 67.83 ± 0.06 O (mea 

determinations). iprdi idnaI the PBD dimer 80 elevates the helix melting temperature (A7 m ) of catf 

[0396] For a 1 A molar ratio ot [PBDJ.[DNA|, the PtiD °'™ el identical conditions, the C-ring- 

^i^^t^H K c >r s ^ftor inrubatton lor 1 8 hours at J / ^.unuu luunibai 
thymus DNA by an unprecedented 33.6 U alter incuunuui 

utisubstituted dimer DSB-120: 



so 



55 





OMft MeO 



O 



DSB-120 



other PBD dimers, 80 exerts most of its effect upon the GC-nch or nign Temp^ 
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* an 80°/ of its stabilising effect without prior incubation, suggesting 
In a similar fashion to DSB-t20, it provides some 60-80 * ofrts stab,, 9 Qn g concentra „ 0 n basis 

a k inetic effect in the PBD reactivity profile. H^^^a [PBD]:[DNA] molar r,tio of 1 .100, SJG-136 sttll 



JO 




Tomamycin 



15 



h ir, thp t^hlp below (AH Aim values ± 0.1 -0-2 u C) 
l0 397] The resuits for a [PBD]:[DNA] ratio of 1 5 are summarised ,n the taHe < 



20 



25 



50 



55 



40 



45 



50 



r^Gompound 


Induced M m (°C) after incubation at 37 G Tor 


Oh ] 


4 h 


18 h 


SJG-136 (80) 


25.7 


31.9 


33,6 


DSB-1 20 


10.2 


13.1 


15.1 


Tomamycin 


0.97 


2.38 





^ .eir 1^6 <80, is themostpotcntDNAstabitismgagent known 
^ ir^ih^ ahnvp table show that SJG 13b ^suj is mt. y 
r03981 The data prcsonted in uie aDovc woit s>nv 



to date according to this particular assay. QVarjan carc inoma ceil line A2780 



a/., Br. J. Cancer. 1994, 70. 48). nr ,„ ha1ino the cells with the compounds for 96 hours at 37°C, and as- 

[0400] The res U ,ts ; ,n the table below. 



— .. 1 


IC 50 a (M-M) for 






A2780 


A2780cis R 


RF b 

— — 


rsjGTseTsoTi 


0 000023 


0 000024 


1.1 


jDSB^20 


I 0 0072 


0,21 


29.2 


CIsplatin 


1 0265 


8.4 


ij 32 



55 



a Dose of compounds required to inhibit ce„ growth by S0 % compared with control 
b RF is the resistance factor (!C 50 resistant/parent) 

[0Mnl TM ,c 50 .... ... so . - «~ - 

Umpired >o DSB-120 ( IC„- '2 -M). Mo« "f^ 1 "* ?£S7o£mo>. p „ e „, in Ms cell »-» V.IW « .WW 
, Mis ,an, A27B0cisR |1C M - 0.21 m M), SJG-136 "gT^™* , , ac , ih.l boll, DSB-120 and i»p»lin 

rssr m«rsss^- - - - - — - SJG - ,3S ™ y 

potential, in the treatment of cispiatin-refractory disease. 

10: Ovarian Carcino maCYto^cjtv_A^ 

ovarian cell lines by Dr Lloyd Ft. Kelland's group at The Institute 
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- o h r m /PH1 cisR (cisR denotes that the cell lino is resistant to ctoplaMn). 
investigated were SKOV-3, A2780/A2780c,sR and COTJ \% ( ~ in 96-well microtitre plates and allowed to attach 
[0403] Single v,ablo cells were seeded m 9^^^ M rSiiuq concentrations) immediateiy prior to add.ng 
overn ght. The PBDs were then dissolved ,n DMSC [^^ZTnTeZls ranged from 1 00 uM to 2.5 nM as follows: 
to .he cells in quadruplicate wells. The fine dru 9 conc«nt^ n the w j 0 m gnd then 40 ^ L added t0 the 
100, 25, 1 0, 2.5, 1 MM, 250, 100, 25, 10, " ^ * B * d J™. After 96 hours, the medium was removed and 
existing well volume of 1 60 pL to W^?™^^^ on ice (or 30 minutes. The wells were then washed 
the remaining cells fixed by exposure to 10% ^^ioroacetic i cid on horhodamine B (0.4%) dissolved ,n 1% 

3 4 times with tap water, air dried overnight f ^^^^^ & Zs were washed 3-4 times with 1% acetic 
acetic acid. Staining was allowed to cont.nuc Tor 1 0-15 routes then the absQrbance readjngs * 

acid, air dried and then added to Tns base (100 HL oM O nT^. Ra ^ ^ ^ va]ues were cfJ , 

" * — P^^orbance (compared with 8 untreated wells, 

(a) Compounds of Formula \ 
[0404] 



20 



25 



30 



r 

Compound 


A2780 "I 


l< 

A2780cisR 


-50 ^ 
CH1 1 


Ch1cisR n 


Skov3 1 


Anthramycm 


0.155 


0 16 


0.062 


0.05 


~oT6~j 


UP2003 (24) 


0.0145 


— „ — . — - - 
0.12 


0.016 


0,04 7 


0.012 


UP2051 (31) 


0.1 


0 27 


0 105 


0 16 


0 46 


, UP2052 (33) 


0.07 


0.105 | 


0.09 


0.037 J 


0.105 I 


UP2053 (56) I 


0.0054 


0.058 


0.0115 


0,011 


0.1 


UP2065 (42) 


0.36 


0.46 


0.115 


0,15 


0.45 


UP2074(10) 


0.155 


0.43 


0105 


1 0.27 


0.52 


UP2089 (177) 


0.0022 


0 0042 


— - — ■ — 


0.0023 


0.0054 


UP2092 (179) 


0.004 


0.007 


0.0016 


0.0082 


0.0093 


UP2095(181) 


<0.05 


<0.05 


<0.05 


<0.05 

L 


J^<0^5 



35 



40 



45 



PR ns that possess aryl or viny! substitution 

F04051 The most potent members of this group of ^^.^I^ISII Without wishing to be bound by theory, 
aUhe 2 position of the PBD: UP2089 (177). UP2092 (179) and UP209E d endo . exo ^saturation 

also possesses conjugated endo exo ^ s f^ on . tumour cell replication and thus generally show high cyto- 
[0 406] PBD dimers are able to cross-link DNA and b lock Rumour eel P ^ jn these ovanan e ,, 

oxicity. The PBD dimer UP2053, which possesses only e "^^^ Xent as the monomers UP2089 and 2092. 

ines. The dimer is markedly more cytotoxic than mlh ^ re ^^" ly end o unsaturate, these molecules 

t0407] The remaining molecules of Formula I arc ^^"JJJ^ UP2053 are more potenttban 

are broadly comparable with anthramyen, However, the ester UP2003 

antbramycin against these ovarian tumour cell lines. 



50 



55 
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(b) compounds of Formula II 
[0408] 



10 



15 




[0409] Compo 



und UP2100 (207) has the structural; formula: 



25 



207 



e 



30 



35 



40 



45 



and was synthesis*) by the same route as impound I 70 QSS the ovarian tumo ur cell line panel. 

r^; 2 :ric^^^ — — ■ 

UP2001 is markedly more potent than UP2053^ t lhe ovarlan tum0 ur cell lines 

t04 1 11 The monomers ^^004 (70) and ^ ^ 7 , od0 substiluen t is sig.iffcant.y less act.ve than 
comparable to tjat for anthramyc.n. UP2023 (64), w P 
UP2004 (70), which contains two alkoxy groups at the I ana o v 

(c) Compounds of Formula III 
[0412] 



so 



55 



— - — -1 




!C 50 /liM 






Compound 


A278cT n 


■ 

A2780cisR 


CH1 


CHIcisB 


Skov3 


' UP2020 (90) 


10 


7.2 


1 7 


2.8 


1.6 


UP2021 (130) 


>100 


>100 


51 


47 


>100 


| UP2022 (143) 




16.5 


14 I 


11 


33~~J 




. — — 

1,4 


— 1 




1.25 
| — — - — 


2.35 


UP2025 (106) 


0.064 


0.155 


0.082 


0.11 


17 


UP2026 (136) 


1.15 


3.7 




1.45 


4.9 

..... * — 


UP2027 (138) 


j 0-56 


1,55 




1.15 

— _ — 


1.7 


UP2029 (140) 


l~34.5 


32 


■ 22.5 


14 


T5 


UP2066 (113) 


11 


j 12 


3.8 


7.4 




j UP2068 (96) 


0.47 


0.66 




0.42 


076 

I — 
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(continued) 



c 


IC 50 AlM 


— 1 


Compound 


A2780 


A2780cisR 


CH1 


CHIctsR 


Skov3 


UP2086 (120) 


0.84 


0.45 


1.6 


2 2 


2.5 







[0 413] UP2025 is the most potent monomer wit, two ^^^^,^2022 and UP2066). 
some compounds with 3 eiectron in the ovarian tumour cell lines. 

[0 41 4] The simple phenyl subshtuted ^^^^ svbmuM increases cytotoxicity (138) but the pres- 

(d) Compounds ot Formula IV 
[0415] 











fcompound 


A2780 


A2780cisR 


CH1 


CHIcisR 


Skov3 


fuP2005 (161) 


1.5 


4.3 




1^85 1 


5.4 


T)P2006 (163)1 


3.2 


14.5 


~4~9 ' 


"To ' 


23.5 


UP2007 (165) 


1.55 


4.9 


1.5 


3.0 


5.8 


UP2008 (167) 


0.23 


0.94 


0.24 


0.42 


1.45 | 


UP2088 (205) 


(11 


8.5 


12 


16 


14 1 



30 



Claims 



A compound of the formula: 



35 



40 




45 



50 



55 



wherein p is 3 to 5. 

•h nmnound,s1 1 4 (Propane- 1 ,3-dryt)dioxy]bis[(1 1 aS)-7-rr. e thoxy- 

caliy acceptable carrier or diluent. 

, • j r iot m ? in a method ot therapy. 
4 The use of a compound according to either claim 1 or claim 2 



5. 

based disease 



i ■ i or Miim 2 to prepare a medicament for the treatment of a 
6. The use of a compound according to either cla,ms 1 or claim 2 prep 
viral parasitic or bacterial infection. 
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7 A process. lo. preparing » compound rrocordrng to ortho. claim 1 or - 2 
of cisplalirvrefactory disease. 
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17 



HN 
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21 
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23 
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Figure 2 
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O 

31 (StfCr^vtf&oM) 




o 

33 (SJG-303, UP2052) 



Figure 3 
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Figure 4 
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Figure 5 
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COiMe 




Figure 6a 
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Figure 6b 



107 



EP 1 1 93 270 A2 




Figure 7 
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74 (MMY-SJG, UF2064) 



Figure 9 
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80(SJG-136 1 UP2001> j 

. 



Figure 10 
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Figure 1 1 
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t 

TBDMSCL 




Figure 12a 
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Figure 12b 
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Figure 14 
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Figure 15 
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Figure 17 
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Figure I 8 
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Figure 19 
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Figure 22 
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Figure 24 
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Figure 24 
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Figure 26 
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Figure 30 
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Figure 31 




132 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



nil 



(11) 



EP 1 193 270 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

17.04,2002 Bulletin 2002/16 

(43) Date of publication A2: 

03 04.2002 Bulletin 2002/14 

(21) Application number: 01129700.9 

(22) Date of filing: 27.08.1999 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO St 

(30) Priority: 27.08.1998 GB 981 8733 

28.01.1999 GB 9901929 

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
99943066.3/1 109 812 



(51) int ci7: C07D 487/04, A61K 31/551, 

A61P 31/00, C07D 519/00 
// (C07D487/04, 243:00, 
209:00), 

(C07D519/00, 487:00, 487:00) 



(71) Applicant: Spirogen Limited 
Ryde, Isle of Wight P033 2JF (GB) 

(72) Inventors: 

• Thurston, David Edwin, School of Pharmacy 
London WC1N1AX (GB) 

• Howard, Philip Wilson, School of Pharmacy 
London WC1 N 1 AX (GB) 

(74) Representative: Watson, Robert James et al 
Mewburn Ellis 
York House 
23 Kingsway 
London WC2B 6HP (GB) 



(54) Pyrrolobenzodiazepines 



(57) Compounds of the formulae fa and lb 




(la) 



A — R 




(lb) 



wherein 



CO 
< 

o 

CM 

CO 
CD 



CL 
LU 



A is CH 2 , or a single bond; 

R 2 is selected from: R. OH, OR, C0 2 H, C0 2 R, COH, COR, SG 2 R, CN; 

R fi R 7 and R 9 are independently selected from H, FL OHL OR : halo, amino, NHR, nitro, Me 3 Sn; 
and R 8 is selected from H. R, OH. OR, halo, amino. NHR t nitre, Me 3 Sn, where R is as defined above : or the 
compound is a dimer with each monomer being the same or different and being of formula la or lb, where the R 8 
groups of the monomers form together a bridge having the formufa -X-R'-X- linking the monomers, where R is an 
Xylene chain containing from 3 to 1 2 carbon atoms , wh tch chain may be interrupted by one or more helero-atoms 
and/or aromatic rings and may contain one or more carbon -carbon double or tnple bonds, and each X is independ- 
ently selected from O, S, orN, 

except that in a compound of formula la when A is a single bond, then R 2 is not CH=CH(CONH 2 ) or CH^CH(CONMe 2 ) 
Other related compounds are aiso disclosed. 
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